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CHAPTER 1. INTRODUCTION 
 The first lighting technology came from Thomas Edison who made the incandescent 
lighting bulb commercial in the 1880s. Nonetheless, that technology is now on the way out since 
the devices are too wasteful: 98% of the energy input ends up as heat instead of light. In 2007, 
Australia became the first country to ban incandescent bulbs entirely. At present, the only 
technology that is mature enough to take over incandescent light bulbs is fluorescent lighting, 
which can turn 10-15% of input power into light. But fluorescent lighting has a number of 
drawbacks. For example, fluorescent lamps do not work well in cold temperatures and their life 
span can be significantly shortened if they are turned on and off frequently. The worst is each 
lamp contains a small amount of mercury which is toxic. As an emerging technology, LED has 
the ability to make up those drawbacks. LEDs are long-lived, robust and roughly twice as 
efficient as fluorescents. Besides, LEDs are already widely used for computers, television sets 
and other consumer electronics, and are becoming a market leader for outdoor applications such 
as traffic lights and indicator lights on cars. (Stefano et al, 2009) 
LED lights are solid-state luminaries with extremely high efficacy compared to the 
conventional lighting fixtures. The U.S DOE (2012) states that if about 49 million LEDs were 
installed in the U.S., the annual energy cost savings would be about $675 million. Furthermore, 
switching conventional light to LED in the next two decades could save the U.S. $250 billion in 
energy costs, reduce electricity consumption for lighting by nearly 50 percent and avoid 1,800 
million metric tons of carbon emissions.  
Electrical lighting is a major contributor to the heat gain in all buildings. The thermal 
energy from lights is transferred to the air by convection and to surrounding objects by thermal 
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radiation. Heat transfer by conduction contributions can be ignored (ASHRAE, 2013). As it 
relates to the cooling load, the convective heat gain is an instantaneous cooling load as the 
convective energy from the lights causes an immediate increase of air temperature.  However, 
the radiation component of the light energy produces a delayed cooling load on the space. 
Radiation energy from the lights is absorbed by objects and surfaces in the space causing them to 
increase in temperature. These objects then transfer heat by convection to the air in the room 
causing the air temperature to increase at which time it becomes a cooling load.  Due to the 
thermal mass of these objects and surfaces, there is a time-delay from when the radiant energy 
from the lights is absorbed to the time the heat is convected to the space. To accurately calculate 
the cooling load on the space due to lights, it is important to know the fraction of lighting energy 
that is convective and the fraction that is radiative.  This is referred to as the convection radiation 
split. Another key factor to obtain an accurate cooling load calculation is how the thermal energy 
from the lights is split between conditioned space and ceiling plenum space. Although all 
lighting energy is converted to the heat gain of surrounding areas, only the heat which is 
transferred to the conditioned space is considered as cooling load. 
Input power to LED lighting luminaires is converted to electrical heat and 
electromagnetic radiation (Khanna et al, 2014). The electrical heat contributes to the increasing 
temperature of the LED heat sink by conductive heat, and then promotes heat transfer to 
surrounding area through convection and radiation. Electromagnetic radiation includes visible 
light, ultraviolet (UV) and infrared radiant (IR) heat, which is absorbed by the surrounding 
surfaces and then reemitted to the room through the convection and radiation (Chung et al, 
1998). Among electromagnetic radiation, long wave infrared radiation from the lighting is the 
most significant radiant heat contributing to a building’s cooling load. 
3 
 
 
There are two methods for cooling load calculation described in 2013 ASHRAE 
Handbook Fundamentals, the Heat Balance method (HB) and the Radiant Time Series method 
(RTS). Both methods require knowing the convection radiation split as well as the split between 
space and plenum.  Information about the more traditional and well established lighting systems 
(such as recessed fluorescent, high intensity discharge, compact florescent, etc.) has been 
determined and is available in the literature. (ASHRAE Handbook, 2013a). However, because 
LED light fixtures are an emerging lighting technology, there are no values for these factors. 
This study was performed at the Iowa Energy Center (Energy Resource Station) and mainly 
focused on the low energy LED lighting fixtures. There were two main objectives to be achieved 
in this study. The first objective was to determine the heat split between the conditioned space 
and ceiling plenum space. The second objective was to determine the fraction between 
convective heat and radiant heat in the conditioned space. 
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CHAPTER 2. LITERATURE REVIEW 
General information about LED lighting technology is available in the literature and 
through various organizations.  LED lighting technology is described by Khanna et al. (2014).  In 
the book, the authors discuss the LED family, power conversion for LED lighting fixtures and 
LED applications.  The performance of LED lighting is published through DesignLights 
Consortium (1996), Energy Star (1992) and LED Lighting Facts (2014).  These sources provide 
various criteria used to evaluate LED lighting fixtures. 
The Department of Energy Commercially Available Light-Emitting Diode Product 
Evaluation and Reporting Program (CALiPER) has been testing general solid-state lighting 
fixtures since 2006. The program provides detailed LED information and covers a wide range of 
lighting applications.  The CALiPER Program periodically publishes snapshot reports with data 
from LED Lighting Facts product list that compares the LED performance to standard lighting 
technologies and summarizes the LED market and its trajectory 
For this research project, the literature was reviewed to determine experimental methods 
which have been used to determine how the thermal energy from lighting fixtures is distributed 
in a building. Hosni et al. (1997) discussed the test method for measuring the heat gain and 
radiative/convective split from equipment in buildings. They tested these parameters for various 
office/laboratory equipment (microcomputer, monitor, printer, copier, scanner, microwave oven, 
etc.). Fisher et al. (2006) mainly focused on the condition space/plenum space heat split and 
convective/radiant heat split for conventional lighting fixtures.  They built a two-floor test room 
for calculating the heat balance model and used a net radiometer to measure the radiant heat gain. 
After review those literatures above, several benefits could be shown: 
 A LED marketing research should be easily done based on the qualification institution above. 
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 The temperature measurement in the test chamber should be intensive and sensitive enough 
to record the temperature distribution in each critical location and was important not only for 
conditioned space but also for the ceiling plenum.  
 The net radiometer should be able to conduct 3-D scan in order to capture the heat transfer 
from all sides. 
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CHAPTER 3. SELECTON OF LED LUMINAIRES 
 One of the tasks of this project was to select a representative sample of LED luminaries 
to test.  This was accomplished by reviewing the various standards and programs presently used 
to evaluate LED luminaries. 
3.1 Standards and Programs for Evaluating LED Luminaries 
 3.1.1 DesignLights consortium 
 DesignLights Consortium (DLC) is a program developed by Northeast Energy Efficiency 
Partnerships (NEEP) in 1996. The DLC promotes quality, performance and energy efficient 
commercial sector lighting solutions through collaboration among its federal, regional, state, 
utility, and energy efficiency program members; luminaire manufacturers; lighting designers and 
other industry stakeholders throughout the U.S. and Canada. DLC has published Product 
Qualification Criteria to certify high quality and high efficient LED lighting fixtures on their 
Qualified Product List (DLC QPL, Version 2.1. 2014). The criteria sets minimum requirements 
for LED lighting from different respects including lumen output, zonal lumen density, luminaire 
efficacy, correlated color temperature, color rendering index and L70 lumen maintenance. The 
DLC Product Qualification Criteria is used in this project for selecting LED luminaries. (About 
DLC 1996) 
 3.1.2 Energy star 
 The Energy Star program is established by the U.S. Environmental Protection Agency 
(EPA) in 1992. The main object of this program is to reduce greenhouse gas emissions and 
hazardous wastes into the environment by setting standards, and to identify and promote energy 
efficient products. 
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 Energy Star released the Luminaires Eligibility Criteria Version 1.2 on December 21, 
2012. It covers conventional lighting and solid-state lighting in both residential and commercial 
applications. Therefore, Energy Star criteria are used in this project as minimum requirements 
for LED luminaires. (About Energy Star, 1992) 
 3.1.3 LED lighting facts 
 The LED Lighting Facts program was created by U.S. Department of Energy (DOE) to 
assure decision makers that the performance of solid-state lighting (SSL) products is represented 
accurately as products reach the market. The ENERGY STAR label summarizes and presents 
key product performance parameters including light output, power input, efficacy, color 
rendering index, and correlated color temperature. 
 The LED Lighting Facts label presents key product performance parameters such as 
lumens, efficacy, power, color rendering index (CRI) and correlated color temperature (CCT). 
The DOE Commercially Available LED Product Evaluation and Reporting (CALiPER) program 
periodically publishes snapshot reports with data from LED Lighting Facts product list that 
compares the LED performance to standard lighting technologies and summarizes the LED 
market and its trajectory (U.S. DOE CALiPER program, 2014). The majority range and mean 
value of lumen output, efficacy, CCT, and CRI are statistically presented and compared for each 
type of indoor LED luminaires. These data are a significant indication for current status of LED 
market and served as an important reference for selecting the test LED luminaires for this project. 
(About LED Lighting Facts, 2014) 
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3.2 Selected LED Luminaires 
Based on the above selection criteria, fourteen LED luminaires were selected for testing.  
All the luminaires meet the minimum requirements of DLC and Energy Star, and in general fit 
the majority range of LED Lighting Facts. 
Luminaires No. 1 and No. 2 are high-bay fixtures.  No. 1 is a cone shape fixture with 
aluminum reflector and No. 2 is a rectangular-shape fixture with direct optics. These two high-
bay fixture types cover common applications in large commercial and industrial space where 
geometry necessitates high-lumen sources. (U.S. DOE Solid-State Lighting CALiPER Program, 
2011)  
Luminaries No. 3 through No. 8 are recessed troffers which incorporate the three major 
aperture styles: No. 3 and No. 4 have a partial aperture diffuser with curved lens, No. 5 and No. 6 
have a uniform diffuser, and No. 7 and No. 8 have a diffuser with linear details.  The different 
aperture styles cover the optic options for troffers currently available in the market, and were 
also the major categories defined in DOE CALiPER program (U.S. DOE Solid-State Lighting 
CALiPER Program, 2013). The troffers tested are both the common 2-ft×2-ft and 2-ft×4-ft 
fixture size for each aperture style.  Recessed troffers comprise the majority of the fixtures tested 
because they encompass 50% of the market share of commercial luminaires, and they are the 
most common commercial lighting fixtures. 
Luminaires No. 9 and No. 10 were linear pendant fixtures which are the two most 
common lighting distribution styles.  NO. 9 is an indirect/direct type, and No. 10 is a direct type 
fixture (U.S. DOE Solid-State Lighting CALiPER Program, 2012). There are a large number of 
linear pendent LED fixtures on the market, but the two chosen for testing are among the most 
common types that appeared in the CALiPER testing program (U.S. DOE Solid-State Lighting 
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CALiPER Program, 2012). The heat gain testing results should be generally applicable to most 
LED linear pendants. 
Luminaire No. 11 is an LED downlight with a 6-inch diameter. This is a common size for 
recessed downlights (U.S. DOE Solid-State Lighting CALiPER Program, 2011). The downlight 
model tested is a GE DI6R which has a higher efficacy (52 lm/W).  It also meets the ENERGY 
STAR requirements, and it was one of the winners of Next Generation Luminaries Indoor 2014 
Competition. 
Luminaire No. 12 is a 150 lm/W fixture, and it has one of the highest efficacies for 
indoor illumination available in the market. Luminaires No. 13 is a color turning lighting fixture. 
Luminaries No. 14 is a LED retrofit kit for a 2-ft×4-ft recessed troffer. Table 3.1 lists the detailed 
manufacture LED lighting fixture which were tested in this project. 
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Table 3.1 Selected LED luminaires for testing 
CRI is the Color Rendering Index 
CCT is the Color Correlated Temperatur
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CHAPTER 4. EXPERIMENTAL DESIGN 
4.1 Technical Approach 
Testing was performed at the Iowa Energy Center’s Energy Resource Station (ERS) located 
on the DMACC campus in Ankeny, Iowa. A test chamber was built in an interior ERS test room 
by a local construction company. This test chamber mimics a typical office space with ceiling 
tiles separating conditioned space and plenum space. LED lighting fixtures were placed inside 
the test chamber. A VAV terminal unit was used to control the temperature inside the test 
chamber.  The terminal unit was located outside the test chamber.  The ERS test room is 
equipped with a unit ventilator which maintains the test room at a fixed temperature.  By 
maintaining the interior of the test chamber at the same temperature, heat transfer through the 
test chamber walls and floor was minimized. 
The test chamber served as a control volume for heat transfer analysis. By identifying all heat 
transfer paths occurring between the inside of the chamber and its surrounding, a heat balance 
could be established for the conditioned space and the plenum space. Figure 4.1 illustrates the 
heat transfer paths involved in the heat balance calculation. The arrows indicated the heat flux 
direction. All heat transfer was identified as either “entering” or “leaving” the conditioned space 
and the plenum space, and was arranged accordingly in the heat balance equations. The 
temperature in the test chamber was controlled as the same as the temperature in the test room. 
The aim was to minimize heat transfer between test chamber and test room. 
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Figure 4-1 Heat transfer in the test chamber 
 
4.2 Conditioned Space Heat Balance 
The steady-state energy balance for the conditioned space of the test chamber is expressed as 
Equation 4.1. 
?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒 + ?̇?𝑐𝑜𝑛𝑑,𝑠𝑝𝑎𝑐𝑒 𝑠𝑢𝑟𝑟 + ?̇?𝑐𝑜𝑛𝑑,𝑐𝑒𝑖𝑙𝑖𝑛𝑔 = ?̇?𝑒𝑥𝑡𝑟𝑎𝑐𝑡,𝑠𝑝𝑎𝑐𝑒 (4.1) 
Where 
?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒 is the LED heat gain to the conditioned space. 
?̇?𝑐𝑜𝑛𝑑,𝑠𝑝𝑎𝑐𝑒 𝑠𝑢𝑟𝑟 is the heat conduction through the chamber surroundings. 
?̇?𝑐𝑜𝑛𝑑,𝑐𝑒𝑖𝑙𝑖𝑛𝑔  is the heat conduction through the ceiling tiles. 
?̇?𝑒𝑥𝑡𝑟𝑎𝑐𝑡,𝑠𝑝𝑎𝑐𝑒  is the heat extracted by the HVAC system. 
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The heat extracted from the space is calculated using Equation 4.2 
?̇?𝑒𝑥𝑡𝑟𝑎𝑐𝑡,𝑠𝑝𝑎𝑐𝑒 = 𝜌𝑆𝐴 ∙ ?̇?𝑆𝐴 ∙ 𝐶𝑆𝐴(𝑇𝑟𝑒𝑡𝑢𝑟𝑛 − 𝑇𝑠𝑢𝑝𝑝𝑙𝑦)  (4.2) 
Where 
ρSA is the supply air density. 
?̇?𝑆𝐴 is the volumetric airflow rate of the supply air and is measured by the flow station. 
CSA is the specific heat of air based on the supply air temperature. 
Treturn is the return air temperature measured at the return grille. 
Tsupply is the supply air temperature measured at the diffuser. 
The heat conduction through the chamber walls and floor to the surroundings is 
computed using Equation 4.3: 
?̇?𝑐𝑜𝑛𝑑,𝑠𝑝𝑎𝑐𝑒 𝑠𝑢𝑟𝑟
= 𝑈𝑤𝑎𝑙𝑙,𝑁 𝐴𝑐ℎ𝑎𝑚𝑏𝑒𝑟 𝑤𝑎𝑙𝑙,𝑁(𝑇𝑠𝑢𝑟𝑟,𝑁𝑜𝑟𝑡ℎ − 𝑇𝑠𝑝𝑎𝑐𝑒,𝑁𝑜𝑟𝑡ℎ)
+ 𝑈𝑤𝑎𝑙𝑙,𝑆 𝐴𝑐ℎ𝑎𝑚𝑏𝑒𝑟 𝑤𝑎𝑙𝑙,𝑆(𝑇𝑠𝑢𝑟𝑟,𝑆𝑜𝑢𝑡ℎ − 𝑇𝑠𝑝𝑎𝑐𝑒,𝑆𝑜𝑢𝑡ℎ)
+ 𝑈𝑤𝑎𝑙𝑙,𝐸 𝐴𝑐ℎ𝑎𝑚𝑏𝑒𝑟 𝑤𝑎𝑙𝑙,𝐸(𝑇𝑠𝑢𝑟𝑟,𝐸𝑎𝑠𝑡 − 𝑇𝑠𝑝𝑎𝑐𝑒,𝐸𝑎𝑠𝑡)
+ 𝑈𝑤𝑎𝑙𝑙,𝑊𝐴𝑐ℎ𝑎𝑚𝑏𝑒𝑟 𝑤𝑎𝑙𝑙,𝑊(𝑇𝑠𝑢𝑟𝑟,𝑊𝑒𝑠𝑡−𝑇𝑠𝑝𝑎𝑐𝑒,𝑊𝑒𝑠𝑡) + 𝑈𝑓𝑙𝑜𝑜𝑟𝐴𝑓𝑙𝑜𝑜𝑟(𝑇𝑠𝑢𝑟𝑟,𝐹𝑙𝑜𝑜𝑟
− 𝑇𝑠𝑝𝑎𝑐𝑒,𝐹𝑙𝑜𝑜𝑟) 
(4.3) 
Where 
Uwall, N,S,E,W and Ufloor are the overall heat transfer coefficients of the chamber enclosure. 
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The U values are determined for each surface based on the materials and construction 
used for each type of surface. 
Achamber wall, N, S, E, W is the chamber wall areas in the conditioned space below the chamber 
ceiling grid level. 
Afloor is the area of the chamber floor. 
Tspace, North, South, East, West, Floor is the average temperatures of the conditioned spaces. 
Tsurr, North, South, East, West, Floor is the average temperatures of the chamber surroundings. 
Various temperature sensors were placed inside the test chamber to measure the air 
temperature near each side. Figure 4.2 illustrates the location of these temperature sensors.  
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Figure 4-2 Sensor location inside the test chamber 
 
The average air temperature near the six surfaces is calculated as shown below: 
TNorth = (TN + TT + TF)/3 
TSouth = (TS + TT + TF)/3 
TEast = (TE + TT + TF)/3 
TWest = (TW + TT + TF)/3 
TFloor = (TN + TS + TE + TW +TF)/5 
TTop = (TN + TS + TE + TW +TT)/5   
(4.4) 
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During the test, the average of TNorth, TSouth, TEast, TWest, TFloor, TTop, served as the chamber 
inside temperature.  
 
 The heat conduction through the ceiling tiles at steady state is calculated as follows: 
?̇?𝑐𝑜𝑛𝑑,𝑐𝑒𝑖𝑙𝑖𝑛𝑔 = 𝑈𝑐𝑒𝑖𝑙𝑖𝑛𝑔𝐴𝑐𝑒𝑖𝑙𝑖𝑛𝑔(𝑇𝑝𝑙𝑒𝑛𝑢𝑚 − 𝑇𝑠𝑝𝑎𝑐𝑒,𝑇𝑜𝑝) (4.1) 
 
Where 
 Uceiling is the overall heat transfer coefficient of the acoustic ceiling tiles. 
 Aceiling is the total ceiling grid area. 
 Tspace, Top is the average space top temperature and is calculated based on Equation 4.4. 
Tplenum is the temperature of the ceiling plenum space and is the average of Tplenum,NE and 
Tplenum,SW 
4.3 Plenum Space Heat Balance 
For the plenum space of the test chamber, the following heat balance applies: 
?̇?𝐿𝐸𝐷,𝑝𝑙𝑒𝑛𝑢𝑚 + ?̇?𝑐𝑜𝑛𝑑,𝑝𝑙𝑒𝑛𝑢𝑚 𝑠𝑢𝑟𝑟   
= ?̇?𝑒𝑥𝑡𝑟𝑎𝑐𝑡,𝑝𝑙𝑒𝑛𝑢𝑚 + ?̇?𝑐𝑜𝑛𝑑,𝑐𝑒𝑖𝑙𝑖𝑛𝑔 + ?̇?𝑐𝑜𝑛𝑑,𝑆𝐴 𝑑𝑢𝑐𝑡 
(4.6) 
 
 
?̇?𝑙𝑖𝑔ℎ𝑡,𝑝𝑙𝑒𝑛𝑢𝑚 is the LED lighting heat gain to the ceiling plenum space. 
The heat conduction through the chamber surroundings space at steady-state is calculated 
as follows: 
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?̇?𝑐𝑜𝑛𝑑,𝑝𝑙𝑒𝑛𝑢𝑚 𝑠𝑢𝑟𝑟
= 𝑈𝑤𝑎𝑙𝑙,𝑁 𝐴𝑝𝑙𝑒𝑛𝑢𝑚 𝑤𝑎𝑙𝑙𝑠,𝑁(𝑇𝑠𝑢𝑟𝑟,𝑁𝑜𝑟𝑡ℎ − 𝑇𝑝𝑙𝑒𝑛𝑢𝑚,𝑁𝑜𝑟𝑡ℎ)
+ 𝑈𝑤𝑎𝑙𝑙,𝑆 𝐴𝑝𝑙𝑒𝑛𝑢𝑚 𝑤𝑎𝑙𝑙𝑠,𝑆(𝑇𝑠𝑢𝑟𝑟,𝑆𝑜𝑢𝑡ℎ − 𝑇𝑝𝑙𝑒𝑛𝑢𝑚,𝑆𝑜𝑢𝑡ℎ)
+ 𝑈𝑤𝑎𝑙𝑙,𝐸 𝐴𝑝𝑙𝑒𝑛𝑢𝑚 𝑤𝑎𝑙𝑙𝑠,𝐸(𝑇𝑠𝑢𝑟𝑟,𝐸𝑎𝑠𝑡 − 𝑇𝑝𝑙𝑒𝑛𝑢𝑚,𝐸𝑎𝑠𝑡)
+ 𝑈𝑤𝑎𝑙𝑙,𝑊𝐴𝑝𝑙𝑒𝑛𝑢𝑚 𝑤𝑎𝑙𝑙𝑠,𝑊(𝑇𝑠𝑢𝑟𝑟,𝑊𝑒𝑠𝑡−𝑇𝑝𝑙𝑒𝑛𝑢𝑚,𝑊𝑒𝑠𝑡)
+ 𝑈𝑟𝑜𝑜𝑓𝐴𝑟𝑜𝑜𝑓(𝑇𝑠𝑢𝑟𝑟,𝑇𝑜𝑝 − 𝑇𝑝𝑙𝑒𝑛𝑢𝑚,𝑇𝑜𝑝) 
(4.7) 
Where 
 Uwall, N,S,E,W and Uroof  is the heat transfer coefficients of the chamber enclosure 
Aplenum walls, N, S, E, W, is the chamber wall areas in the plenum space. 
 Aroof is the chamber roof area. 
Tsurr, North, South, East, West, Top is the average temperatures of chamber surroundings. 
Tplenum, North, South, East, West, Top is the average temperature of plenum space. 
 
The heat extracted by the HVAC system is calculated as follows: 
?̇?𝑒𝑥𝑡𝑟𝑎𝑐𝑡,𝑝𝑙𝑒𝑛𝑢𝑚 = 𝜌𝑅𝐴 ∙ ?̇?𝑆𝐴 ∙ 𝐶𝑅𝐴(𝑇𝑙𝑒𝑎𝑣𝑖𝑛𝑔 − 𝑇𝑟𝑒𝑡𝑢𝑟𝑛)   (4.8) 
 
Where 
ρRA is the return air density. 
?̇?𝑆𝐴  is the volumetric airflow rate of the supply air measured by the flow station. 
CRA is the specific heat of air based on the return air temperature. 
Tleaving is the return air temperature measured at the return air duct. 
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Treturn is the return air temperature measured at the return grille. 
 
 The heat gain through the supply air duct is calculated as follows: 
?̇?𝑐𝑜𝑛𝑑,𝑆𝐴 𝑑𝑢𝑐𝑡 = 𝜌𝑆𝐴 ∙ ?̇?𝑆𝐴 ∙ 𝐶𝑆𝐴(𝑇𝑠𝑢𝑝𝑝𝑙𝑦 − 𝑇𝑒𝑛𝑡𝑒𝑟𝑖𝑛𝑔) (4.9) 
 
Where 
ρsA is the  supply air density 
?̇?𝑆𝐴  is the volumetric airflow rate of the  
CSA is the specific heat of the air 
Tsupply is the supply air temperature measured at the diffuser. 
Tentering is the air temperature measured at the point the supply air duct. 
 
Using the conditioned space heat balance (Equation 4.1), the lighting heat gain can be 
calculated directly from: 
?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒,𝑑𝑖𝑟 = ?̇?𝑒𝑥𝑡𝑟𝑎𝑐𝑡,𝑠𝑝𝑎𝑐𝑒 − ?̇?𝑐𝑜𝑛𝑑,𝑠𝑝𝑎𝑐𝑒 𝑠𝑢𝑟𝑟 − ?̇?𝑐𝑜𝑛𝑑,𝑐𝑒𝑖𝑙𝑖𝑛𝑔 (4.10) 
Using the plenum space heat balance (Equation 4.6), the LED energy to the plenum can 
be computed.  Rearranging Equation 4.6 yields:   
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?̇?𝐿𝐸𝐷,𝑝𝑙𝑒𝑛𝑢𝑚
= ?̇?𝑒𝑥𝑡𝑟𝑎𝑐𝑡,𝑝𝑙𝑒𝑛𝑢𝑚 + ?̇?𝑐𝑜𝑛𝑑,𝑆𝐴 𝑑𝑢𝑐𝑡 + ?̇?𝑐𝑜𝑛𝑑,𝑐𝑒𝑖𝑙𝑖𝑛𝑔
− ?̇?𝑐𝑜𝑛𝑑,𝑝𝑙𝑒𝑛𝑢𝑚 𝑠𝑢𝑟𝑟 
(4.11) 
Alternatively, the lighting heat gain to the space can be indirectly calculated from 
?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒,𝑖𝑛𝑑𝑖𝑟 = ?̇?𝐿𝐸𝐷 − ?̇?𝐿𝐸𝐷,𝑝𝑙𝑒𝑛𝑢𝑚 (4.12) 
 
The input power to the LED (?̇?𝐿𝐸𝐷) is measured by the watt transducer. 
Ideally, ?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒,𝑑𝑖𝑟 should be equal to ?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒,𝑖𝑛𝑑𝑖𝑟, but the two quantities may differ 
due to experimental and measurement uncertainties. As was done in ASHRAE RP-1281 (Fisher 
et al, 2006), a weighting method was adopted to calculate a final space lighting heat gain based 
on both values as follows: 
?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒 = 𝑊𝑑𝑖𝑟?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒,𝑑𝑖𝑟 + 𝑊𝑖𝑛𝑑𝑖𝑟?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒,𝑖𝑛𝑑𝑖𝑟 (4.13) 
 
Wdir and Windir are weighting factors and sum to 1.00.  Based on the uncertainty analysis, 
the uncertainty of qLED, space, dir is larger than qLED, space, indir. Their uncertainty ratio is expressed as 
0.57/0.43 for the 2-ft×2-ft troffer and 0.55/0.45 for the 2-ft×4-ft troffer. It was therefore 
determined the values 0.43 and 0.45 apply to Wdir, while 0.57 and 0.55 apply to Windir, for 2-
ft×2-ft troffer and 2-ft×4-ft troffer, respectively. 
 As a result, the conditioned space heat gain fraction is calculated as follows: 
𝐹𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒 =
?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒
?̇?𝐿𝐸𝐷
 (4.14) 
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4.4 Radiative Heat Gain Measurement 
 The net radiometer is designed to measure the radiative heat generated by the LED 
lighting fixture in this project. The upward facing pyranometer and pyrgeometer measures the 
radiation exchange between the LED lighting fixture and the net radiometer and the downward 
facing pyranometer and pyrgeometer measures the radiation exchange between all other 
objects/surfaces and the net radiometer. A pyranometer is a device designed to measure the solar 
radiation flux density (W/m
2
) and a pyrgeometer is a device designed to measure the infrared 
radiation flux density (W/m
2
). Upward value minus the downward value gives the radiative heat 
between the LED lighting fixture and all other objects/surfaces. Figure 4.3 shows the operating 
principle of the net radiometer. 
 
Figure 4-3 Radiative exchange and net radiometer design 
  
LED Lighting Fixture 
Scanning plane             
Radiation exchange between lighting fixture and room 
Over scanned radiation 
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4.5 Radiative Heat Gain calculation 
 The radiative heat gain from the LED fixture is calculated as follows: 
          ?̇?𝒓𝒂𝒅 = 𝜟𝑳𝑾 + 𝜟𝑺𝑾                                                        (4.15) 
Where 
 𝛥𝐿𝑊 is the longwave infrared radiative heat 
𝛥𝑆𝑊 is the shortwave solar radiative heat 
The pyranometer measures the shortwave within a wavelength range from 0.3 μm to 3 
μm and the pyrgeometer measures the longwave within a wavelength range from approximately 
4.5 μm to 100 μm. The net radiometer measures upward longwave and downward longwave as 
well as upward shortwave and downward shortwave radiative heat. 𝛥𝐿𝑊 is the difference 
between upward and downward longwave radiation. Slimily, 𝛥𝑆𝑊 is the difference between 
upward and downward shortwave radiation. 
The net radiometer was used to measure both the long and shortwave length radiation in a 
plane located below the LED light fixture.  The scanning plane was divided into several grid 
points depending on the type of LED lighting fixtures and measurements were made at each grid 
point.  
As a result, the longwave radiative heat is calculated as follows: 
?̇?𝑟𝑎𝑑,𝐿𝑊,𝑡𝑜𝑡𝑎𝑙 = ∑ ?̇?𝑟𝑎𝑑,𝐿𝑊,𝑖 ∙ 𝐴𝑖
𝑛
𝑖=1
 
 
(4.16) 
 Similarly, the shortwave radiative heat is calculated as follows: 
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?̇?𝑟𝑎𝑑,𝑆𝑊,𝑡𝑜𝑡𝑎𝑙 = ∑ ?̇?𝑟𝑎𝑑,𝑆𝑊,𝑖 ∙ 𝐴𝑖
𝑛
𝑖=1
 
 
(4.17) 
 
Where 
 i is the grid point where the measurement was taken. 
 ?̇?𝑟𝑎𝑑,𝐿𝑊/𝑆𝑊,𝑡𝑜𝑡𝑎𝑙  is the radiative heat measured at grid point i. 
 Ai   is the differential area associated with grid point i. 
 N is the total number of grid points. 
Therefore, the total radiative heat gain is the sum of the longwave and shortwave 
radiation heat gain, and is calculated as follows: 
?̇?𝑟𝑎𝑑,𝑡𝑜𝑡𝑎𝑙 = ?̇?𝑟𝑎𝑑,𝐿𝑊,𝑡𝑜𝑡𝑎𝑙 + ?̇?𝑟𝑎𝑑,𝑆𝑊,𝑡𝑜𝑡𝑎𝑙 (4.18) 
 
The fraction of the total LED energy that is from the short wavelength radiation is: 
𝐹𝐿𝐸𝐷,𝑟𝑎𝑑,𝑆𝑊 =
?̇?𝑟𝑎𝑑,𝑆𝑊,𝑡𝑜𝑡𝑎𝑙
?̇?𝐿𝐸𝐷
 (4.19) 
 
 And, the fraction of the total LED energy that is from the long wavelength radiation is: 
𝐹𝐿𝐸𝐷,𝑟𝑎𝑑,𝐿𝑊 =
?̇?𝑟𝑎𝑑,𝐿𝑊,𝑡𝑜𝑡𝑎𝑙
?̇?𝐿𝐸𝐷
 (4.20) 
 Thus, the fraction of LED energy that is radiation for all wavelengths is: 
𝐹𝐿𝐸𝐷,𝑟𝑎𝑑 =
?̇?𝑟𝑎𝑑,𝑡𝑜𝑡𝑎𝑙
?̇?𝐿𝐸𝐷
 (4.21) 
23 
 
CHAPTER 5. TEST SETUP 
5.1 Test Chamber Construction 
 The test chamber was built in the Interior-A test room at the ERS. Construction was 
performed by local construction company. The test chamber serves to mimic an office 
environment. Figure 5.1 shows the detailed dimensions of the interior of the chamber. Figure 5.2 
is a partial isometric view of the constructed test chamber. The chamber walls were framed with 
22 gauge 2-in × 4-in galvanized steel C studs on 16-in centers and the floor and roof were framed 
with 16 gauge 2-in × 6-in galvanized steel joists on 16-in centers. 
  
Figure 5-1 Test chamber with detailed dimensions 
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Figure 5-2 Test chamber side view 
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Figure 5-3 Isometric View of Test Chamber 
 
Figure 5.3 shows the Interior-A test room and test chamber plan view. Figure 5.4 shows 
the Interior-A test room and test chamber elevation view. 
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Figure 5-4 Interior-A test room and test chamber plan view 
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Figure 5-5 Interior-A test room and test chamber elevation view 
 
5.2 Chamber U Value 
The chamber heat transfer U values were first calculated with eQuest software which 
follows the method prescribed by ASHRAE (ASHRAE Handbook, 2013b). However, these 
values produced large errors in the resulting heat balance calculations. It was suspected that a 
large uncertainty existed with the convection heat transfer coefficient of the air film surrounding 
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the chamber surface. This coefficient is a function of the air velocity around the surface and was 
difficult to estimate. 
In order to obtain more accurate U-values, a factory calibrated heat flux sensor was used 
to measure the heat flux through the chamber walls, roof, floor and ceiling tiles. The 
measurement followed the principles outlined in ASTM Standards C1046-95 (Chio et al, 2012) 
and C1155-95 (Dong et al, 2009). ASTM C1046 – 95 is titled “Standard Practice for In-Situ 
Measurement of Heat Flux and Temperature on Building Envelope Components” and ASTM 
C1155-95 is “Standard Practice for Determining Thermal Resistance of Building Envelope 
Components from In-Situ Data.”   
During the heat flux measurements the temperature inside the chamber was maintained at 
60 
o
F while the temperature in the test room was maintained at 70 
o
F. Heat flux measurements 
were made at multiple locations on each surface so that an average value for each surface could 
be calculated. Figure 5.5 illustrates the heat flux sensor used and its application to one of the 
surfaces of the test chamber. The data were collected under-steady state conditions. From the 
measured heat flux values, the U values were calculated. The U-values are listed in Table 5.1 
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Table 5.1 Measured U Values & Equivalent R values in Chamber Sections 
Chamber Section 
Calculated U Value, 
Btu/hr-ft
2
-°F 
Equivalent R Value, 
hr-ft
2
-°F/Btu 
Wall 0.062 16.072 
Roof 0.053 18.978 
Floor 0.069 14.430 
Ceiling tile 0.156 6.434 
 
 
 
Figure 5-6 Heat Flux Sensor & Placement
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5.3 Net Radiometer Moving Rail Design 
The net radiometer was mounted to a moving rail system which allowed the instrument to 
be automatically controlled.  The moving rail is approximately 4.9-ft long (1500 mm), 3.3-ft 
wide (1000 mm), and 4.9-ft height (1500 mm). Figure 5.7 shows the schematic layout of the rail 
design. The motion of net radiometer was automatically controlled by Arduino UNO 
microcontroller. Four NEMA 23 stepper motors were used: two for x-direction, one for y-
direction and on the other one for z-direction.  
The net radiometer traveling distance of each step was also marked on the moving rail. 
The control program of the stepper motor was calibrated to ensure the net radiometer reached 
every marked position precisely. Prior to the formal pilot test, a couple of complete test runs 
were conducted and all the stops by the net radiometer were observed. If the net radiometer 
failed to reach the desired position within any cell, the program was recalibrated. 
Radiation measurements were made once the test chamber reached steady-state 
conditions.  For this research, steady-state conditions are defined in Section 5.4. 
For recessed troffer and downlight fixtures, the net radiometer only needed to travel in an 
x-y plane below the light fixture. For high-bay and linear pedant suspended fixtures, the z-
direction motion was required. The scanning area for radiative heat measurement was 
proportional to the actual LED fixture’s area. The scanning area was discretized into a number 
of cells as illustrated in Figure 5.6. For the case of a 2-ft×2-ft fixture, the number of cells in the 
y-direction followed that of 2-ft x4-ft fixture, while the number of cells in the x-direction was 
only half of 2-ft×4-ft fixture.  The red dash line in Figure 5.6 indicates the mid-point of 2-ft×4-ft 
fixture.  At each cell, the net radiometer stayed in the center of the cell for two minutes for data 
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collection. The 2-minute duration is based on ASHRAE RP-1282 (Fisher et al, 2006) which 
measured conventional lighting heat gain. 
 
Figure 5-7 Scanning Area of Rectangular LED Troffer Fixtures 
 
Figure 5-8 The schematic layout of the rail design 
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Figure 5-9 Net Radiometer Setup 
 
5.4 Steady state determination 
Theoretically, when a system reaches steady state, the variable under examination does 
not change with time. It can be expressed mathematically as the derivative of the variable under 
examination over the change in time and is equal to zero. 
𝑑𝑉
𝑑𝑡
= 0 
 
(5.1) 
In reality, a dynamic system cannot maintain absolute zero rate of change, but the change 
rate should be within a certain range.  In this project, the following definition was used to 
determine if the temperature or airflow rate had reached steady state. 
Net radiometer 
Stepper motor 
Motor driver 
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|
𝑉𝑡+1 − 𝑉𝑡
𝑉𝑡
| × 100% < 𝑇𝐷1 (5.2) 
and 
|
𝑉𝑡 − 𝑉𝑚𝑒𝑎𝑛
𝑉𝑚𝑒𝑎𝑛
| × 100% < 𝑇𝐷2 (5.3) 
where  
Vt is the variable reading at the time t  
Vt+1 is the variable reading at the time t+1. For 1-minute sampling rate, Vt+1 is the data 
collected at 1 minute later with respect to Vt. 
Vmean is the average value of the variable over the time period under examine, which is 2 
hours for this project. 
TD1 and TD2 is the percentage thresholds. 
It was quite challenging to control a low airflow equal to 60 cfm using only a VAV box, 
and so a relatively large oscillation on the airflow rate was expected. The threshold values for the 
entering airflow rate were set 18% for TD1 and 15% for TD2. The temperatures could be 
controlled with smaller oscillation via the AHU and unit ventilator, so both TD1 and TD2 were 
set at 0.8% which is 0.48 °F at 60 °F. 
 Equation 5.2 ensures the system stays steadily at every minute and there is no sudden 
change for every data sample. Equation 5.3 examines the deviation of each data sample and 
ensures the overall average does not change more than the threshold over two hours. 
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 The steady state criterion was applied for each test in this project. If the calculated result 
exceeded the thresholds, the test result was not valid and needed to be retested. Figure 5.9 
shows a typical data trend under steady state.  
 
Figure 5-10 Typical Data Trending of Selected Variables at Steady State 
 
5.5 Instrumentation and Data Acquisition 
The instruments used to measure temperature, differential pressure, airflow rate and 
electrical power are described in this section along with the data acquisition system used to read 
and record the data. 
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 5.5.1 Temperature 
A total of nineteen Resistance Temperature Detectors (RTD) were used for measuring 
temperature in this project. All of the RTDs were calibrated based on a NIST-traceable 
temperature reference and their accuracy are ±0.25 °F or better.  
The location of the RTDs are shown in Figure 5.10. Six RTDs were used to measure air 
temperature throughout the chamber, three were used to measure the air temperature in the 
plenum space, and six were used to measure the temperature of the chamber walls. The 
remaining four RTDs were used to measure the supply air temperature, the return air temperature, 
the supply duct air temperature discharged into the chamber, and the return air temperature at the 
return air grille.  
 
Figure 5-11 Instrumental design 
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 5.5.2 Chamber differential pressure 
In order to eliminate air infiltration (or exfiltration) from the test chamber, the differential 
pressure between the interior of the test chamber and the interior of the test room was controlled 
and maintained at zero. A high-accuracy pressure transducer (±0.02% full span accuracy) was 
mounted at the east side of exterior chamber wall, see Figure 5.7. A balance damper in the return 
grille was automatically positioned to control the DP and maintain as zero. 
 5.5.3 Airflow rate 
The supply airflow rate entering the chamber was measured by the VAV airflow sensor. 
At the Energy Resource Station, VAV differential pressures (VAV DP) are measured using high-
accuracy pressure transducers.  These pressure readings are converted to airflow rate using 
calibrated K factors. The pressure transducer was calibrated to have an accuracy of ± 0.25 % of 
full scale. The VAV box serving the chamber was also balanced to achieve airflow measurement 
accuracy ± 2% of reading. 
 
Figure 5-12 Low Airflow Measuring Station 
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 5.5.4 Electric power 
 Watt transducer was used to measure power input to the LED lighting fixture and 
measurement accuracy is ± 0.2 % of reading. 
 5.5.5 Data acquisition system (DAS) 
All above sensors except the net radiometer were connected to the existing ERSTES data 
acquisition system. The measuring points were trended at 1-minute sampling rate. The net 
radiometer was connected to National Instruments’ FieldPoint modules, which were portable 
DAS. The sampling rate was also 1 minute. 
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CHAPTER 6. UNCERTAINTY ANALYSIS 
The uncertainties of the experimental tests and calculation were analyzed base on ASHRAE 
Guideline Engineering Analysis of Experimental Data 2005. 
The uncertainty of a single measured variable can be calculated as follow. 
𝑢𝑀𝑉 = √∑ 𝑢𝑖
2
𝑛
𝑖=1
 (6.1)  
Where, 
𝑢MV is the overall uncertainty of a measured variable. 
ui is the individual uncertainty from error source 1 to error source n. 
Table 6.1 lists the uncertainties of all directly measured variables in this project. 
For a calculated variable, all directly measured variables can propagate their uncertainties 
to the calculated results. The uncertainty of a calculated variable can be expressed as follows 
𝑢𝐶𝑉 = √∑(
𝜕𝐶𝑉
𝜕𝑀𝑉𝑖
𝑢𝑀𝑉𝑖)
2
𝑛
𝑖=1
 
 
(6.2) 
Where, 
uCV is the  overall uncertainty of a calculated variable. 
uMVi is the  uncertainty of each measured variable from 1 to i that is involved in the 
calculation of CV. 
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Table 6.1 Uncertainties of Single Measured Variables 
Variable Individual error source Individual uncertainty Overall uncertainty 
Temperature 
Calibration accuracy ±0.02 °F 
±0.0202 °F 
Reference accuracy ±0.0026 °F 
Airflow rate 
Flow station accuracy 3% of reading 
±3% of reading DAS sourcing accuracy 0.08% of reading 
Sourcing device accuracy 0.01% of reading 
Lighting power 
Watt transducer accuracy 0.2% of reading 
±0.21% of reading DAS sourcing accuracy 0.07% of reading 
Sourcing device accuracy 0.01% of reading 
Radiative heat 
Short wave radiation including 
calibration uncertainty, sensor 
directional response, and sensor 
temperature dependence 
Less than 5% of reading 5% of reading 
Longwave radiation including 
calibration uncertainty, sensor 
directional response, and sensor 
temperature dependence 
Less than 10% of reading 10% of reading 
Heat flux for U value 
Heat flux sensor accuracy 5% of reading 
5% of reading DAS sourcing accuracy 0.05% of reading 
Sourcing device accuracy 0.01% of reading 
Chamber DP 
Calibration accuracy  ±0.002 in.wc 
±0.002 in.wc 
Reference accuracy ±0.0001 in.wc 
Lighting level 
Photocell sensor accuracy ±5% of reading 
±5% of reading DAS sourcing accuracy 0.08% of reading 
Sourcing device accuracy 0.01% of reading 
 
The uncertainty of the heat extraction rate was calculated as follows:  
𝑢𝑞_𝑒𝑥𝑡𝑟𝑎𝑐𝑡 = 𝜌𝑆𝐴𝐶𝑆𝐴√(∆𝑇𝑢𝑄)2 + (?̇?𝑢∆𝑇)2 (6.3) 
 
Where, 
uQ is the uncertainty of measured supply air flow rate. 
uΔT is the uncertainty of measured temperature difference. 
This equation assumes there are no uncertainties in the air density ρ or the air specific heat C. 
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The uncertainty of conductive heat rate was calculated as follows: assuming no 
uncertainties from the chamber superficial areas. 
𝑢𝐹_𝑞𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒 =
√(?̇?𝐿𝐸𝐷𝑢𝑞𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒)
2
+ (?̇?𝐿𝐸𝐷,𝑠𝑝𝑎𝑐𝑒𝑢𝑞𝐿𝐸𝐷)
2
?̇?𝐿𝐸𝐷
2  
(6.4) 
Where, 
uq_LED, space is the uncertainty of the light conditioned space heat gain 
uq_LED is the uncertainty of measured lighting power 
For the radiative heat measurement, the discretized cell area were each expected to have 
an approximate uncertainty of ± 2.52x10
-6
 m
2
 (1/16 inches for both length and width).  This 
equates to less than 0.01% error and 0.2% error for cell area and total fixture area, respectively. 
Therefore, the error in the area was ignored when analyzing uncertainties for the radiative heat 
gain. 
The uncertainty for calculated radiative heat gain is given by: 
𝑢𝑟𝑎𝑑 = √∑[(𝑢𝑟𝑎𝑑,𝑖 ∙ 𝐴𝑖)2]
𝑛
𝑖=1
 
(
6.5) 
 
Where urad,i is the uncertainty of measured radiant heat at grid point i. Equation 6.5 
applies to long wave, short wave, and total radiant heat gain. 
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The uncertainty of the fraction of radiative heat was then calculated as: 
𝑢𝐹_𝑟𝑎𝑑 =
√(?̇?𝑙𝑖𝑔ℎ𝑡𝑢𝑟𝑎𝑑)
2
+ (?̇?𝑟𝑎𝑑𝑢𝑞𝑙𝑖𝑔ℎ𝑡)
2
?̇?𝑙𝑖𝑔ℎ𝑡
2  
(6.6) 
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CHAPTER 7. OFFICIAL TEST 
The entire official test was completed and the following section summaries the test 
results and analysis. This section is divided into two parts: (1) base case test and (2) variance 
case test.  
The base case test applied for all 14 fixtures and the variance case test only applied for 
fixture No. 3, No. 6, No. 11, No. 14 listed in Table 3.1. Table 7.1 lists all the test cases including 
the base case. 
 
Table 7.1 LED lighting test case 
Case Supply air 
temperature, °F 
Supply air 
flow rate, cfm 
Return air 
configuration 
Floor 
finish 
Dimming 
control 
Base 60 60 Plenum return Carpet Max output 
Variance by air flow 60 30 
120 
Plenum return Carpet Max output 
Variance by return air 
configuration 
60 60 Duct return Carpet Max output 
Variance by supply air 
temperature 
55 
65 
60 Plenum return Carpet Max output 
Variance by floor finish 60 60 Plenum return Wood Max output 
Variance by dimming control 60 60 Plenum return Carpet 5V 
 
 
Base Case: 
For the base case, air was supplied at 60 °F and 1.0 cfm/ft
2
. The return air was plenum 
return configuration and the floor finish was carpet. Also, the LED was not on the dimming 
control which means max power was provided to LED luminaires. The ceiling tiles were in place 
except for the high-bay luminaires. High-bay luminaires are typically free hanging. As a result, 
the heat split between conditioned and plenum space was not applicable for high-bay fixtures. 
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Variance by airflow rate: 
 This case was to examine the effect of the supply air flowrate on the lighting heat gain 
distributions. The supply airflow rate was change to 0.5 cfm/ft
2 
and 2.0 cfm/ft
2
, respectively. 
Other settings remained the same as the base case. 
 
Variance by return air configuration 
 This case was to examine the effect of the return air configuration on the lighting heat 
gain distributions. In this case, the return air configuration was changed from plenum return to 
duct return. A 6’ flexible duct was installed to connect the return air grille and return outlet of the 
chamber wall. Other settings remained the same as the base case. 
 
Variance by supply air temperature 
 This case was to examine the effect of supply air temperature on the lighting heat gain 
distributions. The supply air temperature was maintained at 55 °F and 65°F for each case. Other 
settings remained the same as the base case. 
 
Variance by floor finish 
 This case was to examine the effect of the floor finish on the lighting heat gain 
distributions. In this case, the carpet was removed and the wood floor was exposed. A different 
radiative heat gain was expected because the absorptivity/emissivity is a function of material. 
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Variance by dimming control 
 Most LED fixtures are able to accommodate dimming control. The dimming control 
signals range from 0V to 10V as max output. In this case, 5V signal output was adjusted 
compared to the maximum output. Other settings remained the same as the base case. 
7.1 Base Case Test 
All fourteen fixtures were tested under the base case conditions. 
 Supply air temperature 60 °F 
 Supply air flowrate 60 cfm 
 Plenum return 
 Carpet floor finish 
 No dimming control 
The heat split between conditioned and plenum space as well as the radiative/convective 
heat split was determined for each LED lighting fixtures. Figure 7.1 and Figure 7.2 illustrates the 
conditioned space fraction and the radiative fraction for recessed LED fixtures. Figure 7.3 shows 
the radiative fraction and lighting illuminance for suspended LED fixture. 
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Figure 7-1 Conditioned Space Heat Fractions for All Recessed LED Luminaires 
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Figure 7-2 Radiative Heat Fractions and Lighting Illuminance for All Recessed LED Luminaires 
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Figure 7-3 Radiative Heat Fractions and Lighting Illuminance for Suspended LED Luminaires 
 
 7.1.1 High-bay 
Two high-bay fixtures (shown in Figures 7.4 and 7.5) were tested in this project. All ceiling 
tiles were removed to simulate an exposed installation in the real world. A flexible duct was 
connected directly from the return grille on the ceiling grid to the return cut-out of the chamber. 
The configuration is a ducted return and prevents possible short circuiting of supply air directly 
to the return. 
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Figure 7-4 Cone-Shape High-Bay with Reflector 
 
 
Figure 7-5 Rectangular-Shape High-Bay with Direct Optics 
 
In order to capture all radiative heat for suspended luminaires, like high-bay and linear-
pedant LEDs, 3-D scanning by the net radiometer was required. A rectangular shape scanning 
area was used in this project. Figure 7.6 illustrates the 3-D scanning area. The suspending lines 
and wires prevented the net radiometer from travelling on the top of the fixtures. The make-up 
procedure was to put a 2-ft x4-ft highly reflective material above. The manufacture of this reflect 
foil states the material reflect 97% of radiative energy. So the net radiometer only needed to 
travel on one side of X-Z plane but could measure both the bottom and top surfaces of radiative 
heat. The reflectance of the foil material is considered in the overall measurement uncertainty.  
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Figure 7-6 3-D Scanning Area of the Net Radiometer for Suspended Luminaires 
  
The test results of high-bay fixtures are summarized in Table 7.2. As for the exposed 
lighting fixtures, there was no meaning to determine the heat split between conditioned space 
and plenum space. However, the radiative and convective heat split were determined for these 
fixtures. As shown in the table, 42% and 51% lighting power was converted to the radiative heat 
and 30% to 39% was shortwave portion. The rectangular shape high-bay generated about 10% 
higher fraction of total radiative heat and shortwave heat than cone shape high-bay but the 
longwave generated by these two fixtures were almost the same. 
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Table 7.2 Test Result Summary of High-Bays 
LED Fixture 
High-Bay Cone-
Shape with reflector 
High-Bay Rectangular 
with direct optics 
Number 1 2 
Measured Lighting Power, W 158.50 138.13 
Rated Efficacy, Lumen/W 113 101 
Radiative heat fraction over lighting power 
  Long wave radiative heat fraction 0.118±0.004 0.115±0.003 
Short wave radiative heat fraction 0.299±0.006 0.391±0.008 
Total Radiative heat fraction 0.416±0.01 0.506±0.011 
Total Convective heat fraction  0.584±0.01 0.494±0.011 
Illuminance 3 ft. above the floor, Foot-Candle 1620 1490 
Illuminance on the floor, Foot-Candle 348 372 
 
 7.1.2 Linear-pedant 
Two types of linear-pedant fixtures were tested, one was Direct where only diffused light 
emanates from the bottom side of the fixture, and the other one was Direct/Indirect where 
diffused light emanates from both the bottom and the top sides of the fixtures. Linear-pedant 
fixtures also required 3-D scan which was similar to high-bay test. The same reflect foil was 
placed above the fixture and the function was the same to the high-bay test. The ceiling tile were 
put in place to mimic the actual installation of the linear-pedant. Only the heat split between 
radiative and convective heat was determined, since almost all heat was transferred to the 
conditioned space. Figure 7.7 shows the Direct fixture and Figure 7.8 shows the Direct/Indirect 
fixture. 
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Figure 7-7 Direct Linear Pendant 
 
 
Figure 7-8 Indirect/Direct Linear Pendant 
 
The test result of linear-pedant fixtures were summarized in Table 7.3. The result 
indicates that 55% to 61% of the total lighting power was converted into radiative energy. The 
longwave portion was larger than the shortwave portion especially for Direct/Indirect fixture 
which was 15% higher. This result was contradicted to high-bay fixtures since they were both 
suspended fixtures. 
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Table 7.3 Test Result Summary of Linear Pendant 
LED Fixture 
Linear Pendant 
Indirect/Direct 
Linear Pendant 
Direct 
Number 9 10 
Measured Lighting Power, W 37.58 24.26 
Rated Efficacy, Lumen/W 86 86 
Radiative heat fraction over lighting power 
  Long wave radiative heat fraction 0.354±0.008 0.315±0.007 
Short wave radiative heat fraction 0.193±0.004 0.290±0.006 
Total Radiative heat fraction 0.547±0.012 0.605±0.013 
Total Convective heat fraction  0.453±0.012 0.395±0.013 
Illuminance, Foot-Candle 64.45 37.75 
 
 7.1.3 Recessed troffers 
Six troffers were tested in this project and they were NO. 3, 4, 5, 6, 7, 8 listed in Table 1. 
There were three 2-ft ×4-ft troffers and three 2-ft ×2-ft troffers, and they had three different 
diffuser types, e.g. partial aperture diffuser, uniform diffuser and diffuser with linear details, see 
Figure 7.9 through Figure 7.11. Although the high efficacy troffer, color tuning troffer and 
retrofit kit troffer are also recessed troffer, they are discussed separately later due to their unique 
features. 
 
Figure 7-9 2-ft×4-ft and 2-ft×2-ft Troffers with Partial Aperture Diffuser 
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Figure 7-10 2-ft×4-ft and 2-ft×2-ft Troffers with Uniform Diffuser 
 
Figure 7-11 2-ft×4-ft and 2-ft×2-ft Troffers with Linear Details Diffuser 
The test results are summarized in Table 7.4. The result shows all six troffers had a 
conditioned space heat fraction larger than 40% which means more than 40% of the total lighting 
power was transferred into the conditioned space. With respect to the troffer size, the conditioned 
space heat fraction for -ft×4-ft troffer was larger than the 2-ft ×2-ft troffer. The diffuser with 
linear details troffer had a smallest conditioned space heat gain compared to the other two types. 
 For all troffers, more than 30% of total lighting power was converted into radiative heat 
energy and the majority was shortwave radiation. In terms of the troffer size, a larger sized 
troffer generated more radiative heat than a smaller sized troffer. When the conditioned space 
heat gain was only considered, more than 70% was radiation and almost 60% was shortwave. 
This result indicates the high efficacy of LED luminaires since the shortwave radiation is 
correlated to visible light.
  
5
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Table 7.4 Test Result Summary of Recessed Troffers 
LED Fixture 
Troffer 2-×4 
Partial Aperture 
Diffuser 
Troffer 2×2 
Partial Aperture 
Diffuser 
Troffer 2-×4 
Uniform 
Diffuser 
Troffer 2×2 
Uniform 
Diffuser 
Troffer 2×4 
Diffuser with 
Linear Details 
Troffer 2×2 
Diffuser with 
Linear Details 
Number 3 4 5 6 7 8 
Measured Lighting Power, W 38.64 31.88 40.85 27.18 56.70 59.63 
Rated Efficacy, Lumen/W 120 108 95 94 105 88 
Conditioned space fraction 0.525±0.014 0.473±0.015 0.495±0.022 0.476±0.015 0.451±0.012 0.425±0.013 
Plenum space fraction 0.475±0.014 0.527±0.015 0.505±0.022 0.524±0.015 0.549±0.012 0.575±0.013 
Radiative heat fraction  
over lighting power 
      Long wave radiative heat 
fraction 0.092±0.002 0.066±0.003 0.121±0.003 0.095±0.003 0.099±0.002 0.086±0.002 
Short wave radiative heat 
fraction 0.319±0.007 0.267±0.007 0.292±0.006 0.260±0.007 0.280±0.006 0.217±0.005 
Total Radiative heat 
fraction 0.412±0.009 0.333±0.010 0.413±0.008 0.356±0.009 0.379±0.008 0.303±0.007 
Total Convective heat 
fraction  0.588±0.009 0.667±0.010 0.587±0.008 0.644±0.009 0.621±0.008 0.697±0.007 
Radiative heat fraction over  
conditioned space heat gain 
     Long wave radiative heat 
fraction 0.176±0.002 0.140±0.003 0.245±0.003 0.200±0.003 0.219±0.002 0.202±0.002 
Short wave radiative heat 
fraction 0.607±0.007 0.564±0.007 0.590±0.006 0.546±0.007 0.621±0.006 0.509±0.005 
Total Radiative heat 
fraction 0.783±0.009 0.704±0.010 0.836±0.008 0.747±0.009 0.840±0.008 0.711±0.007 
Total Convective heat 
fraction 0.217±0.009 0.296±0.010 0.164±0.008 0.253±0.009 0.160±0.008 0.289±0.007 
Illuminance, Foot-Candle 78.87 59.07 78.06 46.134 104.5 83.64 
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 7.1.4 Downlight 
A popular size 6’ downlight (shown in Figure 7.12) was tested in this project.  
 
 
Figure 7-12 The Downlight Below and Above Ceiling Tile 
 
Table 7.5 summarizes the test results for downlight fixture. Although the downlight has a 
heat sink on the top, the conditioned space heat gain does not significantly differ from recessed 
troffers. The test results indicated 47% of the lighting power was transferred into the conditioned 
space. When considering the radiative energy, only 16% of the lighting power was converted 
into radiation and the longwave portion was so small it could be ignored.  
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Table 7.5 Test Result Summary of Downlight 
LED Fixture Downlight  
Number 11 
Measured Lighting Power, W 28.81 
Rated Efficacy, Lumen/W 52 
Conditioned space fraction 0.466±0.019 
Plenum space fraction 0.534±0.019 
Radiative heat fraction over lighting power 
 Long wave radiative heat fraction 0.005±0.000 
Short wave radiative heat fraction 0.154±0.003 
Total Radiative heat fraction 0.159±0.003 
Total Convective heat fraction  0.841±0.003 
Radiative heat fraction over conditioned space heat gain 
 Long wave radiative heat fraction 0.010±0.000 
Short wave radiative heat fraction 0.331±0.003 
Total Radiative heat fraction 0.341±0.003 
Total Convective heat fraction 0.659±0.003 
Illuminance, Foot-Candle 200.56 
 
 7.1.5 High efficacy troffer 
A 150 lumen/W 2-ft×4-ft high efficacy troffer was tested as an example of an emerging 
technology, see Figure 7.13. Table 7.6 summarizes the test results and it indicates that the high 
efficacy troffer has the largest conditioned space fraction, shortwave radiative heat fraction and 
total radiative heat fraction. 59% of lighting power was transferred to the conditioned space and 
51% lighting power was converted into radiative energy. A higher efficacy indicates the LED 
luminaires can transfer more energy into shortwave radiative heat which is visible light. The high 
efficacy troffer is the only fixture whose shortwave radiative heat is 40% of lighting power 
greater than longwave radiative heat. 
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Figure 7-13 High Efficacy Troffer 
Table 7.6 Test Result Summary of High Efficacy Troffer 
LED Fixture High Efficacy Troffer 
Number 12 
Measured Lighting Power, W 24.78 
Rated Efficacy, Lumen/W 150 
Conditioned space fraction 0.589±0.022 
Plenum space fraction 0.411±0.022 
Radiative heat fraction over lighting power 
 Long wave radiative heat fraction 0.104±0.003 
Short wave radiative heat fraction 0.405±0.009 
Total Radiative heat fraction 0.509±0.012 
Total Convective heat fraction  0.491±0.012 
Radiative heat fraction over conditioned space heat gain 
 Long wave radiative heat fraction 0.177±0.003 
Short wave radiative heat fraction 0.688±0.009 
Total Radiative heat fraction 0.865±0.012 
Total Convective heat fraction 0.135±0.012 
Illuminance, Foot-Candle 69.35 
 
 7.1.6 Color tuning troffer 
In addition to the high efficacy troffer, a color tuning troffer was also tested as an emerging 
technology. The purpose of doing this was to check if color correlated temperature (CCT) affects 
the lighting heat gain distribution. This fixture is equipped with a control board which can adjust 
the color. There are 7 levels for each warm and cool colors so totally 49 color combination are 
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available. Figure 7.14 shows the control board and the color combination. Figure 7.15 illustrates 
the lighting color under different CCT conditions.  
 
Figure 7-14 Color Tuning Touch Controller and CCT Combinations 
 
 
  6244 K (C7+W1)          4285 K (C7+W7)               3123 K (C1+W7) 
Figure 7-15 Lighting Appearance under Different CCTs 
Table 7.7 shows the lighting power and lumen at different CCT combination. Those data are 
from the manufacturer. In this project, the same lighting power and lumen output were controlled 
in order to perform the fair comparison. The color tuning troffer generates the same lighting 
power and lumen level at two different combinations whose CCT are 6244 K and 3213 K. The 
6244 K and 3213 K were “cool” and “warm” colors, respectively. 
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Table 7.7 Lighting Power and Lumen Data at Different CCT Combinations 
 
 Table 7.8 summarizes the test results. The cool CCT had a slight larger conditioned space 
heat gain than warm CCT. The cool CCT had a slightly smaller longwave heat fraction but larger 
shortwave heat fraction than warm CCT. When compared with 2-ft ×2-ft troffers, the color 
tuning troffer had a larger conditioned space heat gain. 
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Table 7.8 Test Result Summary of Color Tuning Troffer 
LED Fixture 
Color Tuning Troffer 
(Cool) 
Color Tuning 
Troffer (Warm) 
Number 13 13 
Measured Lighting Power, W 23.84 23.43 
Rated Efficacy, Lumen/W 89* 89* 
Conditioned space fraction 0.562±0.022 0.5302±0.022 
Plenum space fraction 0.438±0.022 0.4702±0.022 
Radiative heat fraction over lighting power 
  Long wave radiative heat fraction 0.109±0.003 0.117±0.003 
Short wave radiative heat fraction 0.312±0.007 0.287±0.007 
Total Radiative heat fraction 0.421±0.010 0.405±0.010 
Total Convective heat fraction  0.579±0.010 0.595±0.010 
Radiative heat fraction over conditioned space heat gain 
  Long wave radiative heat fraction 0.195±0.003 0.221±0.003 
Short wave radiative heat fraction 0.554±0.007 0.542±0.007 
Total Radiative heat fraction 0.749±0.010 0.763±0.010 
Total Convective heat fraction 0.251±0.010 0.237±0.010 
Illuminance, Foot-Candle 46.44 43.44 
*Note the 89 efficacy is based on 4285 K (W7+C7) CCT. The efficacies at other CCT levels are not available 
 7.1.7 Retrofit kit troffer 
The retrofit kit LED fixture is considered an economical solution for upgrading traditional 
lighting to LED lighting. A 2-ft×4-ft traditional recessed troffer was disassembled for this 
project. The fluorescent lamps were removed from the fixture and the LED strips were installed 
inside. Figure 7.16 show both previous fixture and upgraded fixture. 
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Troffer with fluorescent lamps    Troffer with LED retrofit kit 
Figure 7-16 The 2-ft×4-ft Troffer for Retrofit Kit Testing 
The test results are listed in Table 7.9. The results indicate that 43% of lighting heat gain 
was transferred to the conditioned space and 36% of total lighting power was radiation. Both the 
conditioned space heat gain and radiative heat gain were slightly smaller compared to 2-ft×4-ft 
troffer. The lower values were suspected because this upgrade troffer was not initially designed 
for LED lighting. 
Table 7.9 Test Result Summary of Retrofit Kit 
LED Fixture Retrofit kit 2×4 
Number 14 
Measured Lighting Power, W 44.91 
Rated Efficacy, Lumen/W 95 
Conditioned space fraction 0.425±0.014 
Plenum space fraction 0.575±0.014 
Radiative heat fraction over lighting power 
 Long wave radiative heat fraction 0.105±0.003 
Short wave radiative heat fraction 0.251±0.006 
Total Radiative heat fraction 0.356±0.009 
Total Convective heat fraction  0.644±0.009 
Radiative heat fraction over conditioned space heat gain 
 Long wave radiative heat fraction 0.248±0.003 
Short wave radiative heat fraction 0.591±0.006 
Total Radiative heat fraction 0.839±0.009 
Total Convective heat fraction 0.161±0.009 
Illuminance, Foot-Candle 75.89 
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7.2 Variance Case Test 
Four LEDs were tested to examine the effect of supply air temperature, supply airflow rate, duct 
configuration, floor finish and dimming output on LED lighting heat gains. These LEDs were listed 
in Table 1: a 2-ft x4-ft troffer with partial aperture diffuser (NO.3), a 2-ft x2-ft troffer with 
uniform diffuser (NO. 6), the downlight (NO.11) and the 2-ft×4-ft troffer retrofit kit (NO.14). All 
the test conditions are listed in Table 2. Figure 7.17 through Figure 7.24 shows the test results. 
 
 
Figure 7-17 Conditioned Space Heat Fraction of 2-ft×4-ft Troffer with Partial Aperture Diffuser 
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Figure 7-18 Radiative Heat Fraction of 2-ft×4-ft Troffer with Partial Aperture Diffuser 
 
Figure 7-19 Conditioned Space Heat Fraction of 2-ft×2-ft Troffer with Uniform Diffuser 
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Figure 7-20 Radiative Heat Fraction of 2-ft×2-ft Troffer with Uniform diffuser 
 
Figure 7-21 Conditioned Space Heat Fraction of Downlight 
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Figure 7-22 Radiative Heat Fraction of Downlight 
 
Figure 7-23 Conditioned Space Heat Fraction of Retrofit Kit 
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Figure 7-24 Radiative Heat Fraction of the Retrofit Kit 
 7.2.1 Effect of supply air temperature 
The supply air temperature was changed from 65 °F to 60 °F and 55 °F. The test result is 
summarized in Table 7.10. For all luminaires excluding the 2-ft ×2-ft Uniform Diffuser troffer, 
increasing the supply air temperature tended to decrease the conditioned space fraction. The 
impact was most significant for downlight which reduced from 51% to 40%. However, the 
supply air temperature appears to have no significant impact on the 2-ft×4-ft troffer, the 2-ft×2-ft 
troffer and the retrofit kit troffer since the conditioned space fraction was within the margin of 
error.  The results also show that changing the supply air temperature had no effect on the 
radiative heat gain for all fixtures. 
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Table 7.10 Test Result of Varied Supply Air Temperature 
Fixture 
Supply Air 
Temperature 
Conditioned Space/Plenum Split Radiative/Convective Split 
Illuminance, foot-candle 
Space Plenum Short wave Long wave Convective 
Troffer 2×4 Partial 
Aperture Diffuser 
55 °F 0.538±0.017 0.462±0.017 0.316±0.007 0.086±0.002 0.597±0.009 77.273 
60 °F 0.525±0.014 0.475±0.014 0.319±0.007 0.092±0.002 0.588±0.009 78.870 
65 °F 0.493±0.016 0.503±0.016 0.321±0.007 0.097±0.002 0.582±0.009 78.300 
Troffer 2×2 Uniform 
Diffuser 
55 °F 0.447±0.020 0.553±0.020 0.257±0.002 0.092±0.006 0.651±0.008 46.360 
60 °F 0.476±0.022 0.524±0.022 0.260±0.002 0.095±0.006 0.644±0.008 46.134 
65 °F 0.461±0.021 0.539±0.021 0.262±0.002 0.099±0.006 0.639±0.008 45.243 
Downlight 
55 °F 0.510±0.019 0.490±0.019 0.154±0.003 0.004±0.000 0.842±0.003 203.290 
60 °F 0.466±0.019 0.534±0.019 0.154±0.003 0.005±0.000 0.841±0.003 200.560 
65 °F 0.403±0.018 0.597±0.018 0.153±0.003 0.005±0.000 0.842±0.003 199.590 
Retrofit kit 2×4 
55 °F 0.448±0.015 0.552±0.015 0.249±0.006 0.099±0.002 0.652±0.008 76.640 
60 °F 0.425±0.014 0.575±0.014 0.251±0.006 0.105±0.002 0.644±0.008 75.890 
65 °F 0.423±0.012 0.577±0.012 0.252±0.006 0.108±0.002 0.640±0.008 76.020 
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 7.2.2 Effect of supply airflow rate 
The supply airflow rate was changed from 30 cfm to 60 cfm and 120 cfm in this case. The 
test results are summarized in Table 7.11. For all luminaires, increasing the supply airflow rate 
tended to decrease the conditioned space heat fraction.  The supply airflow rate test case showed 
a larger impact when compared with the supply air temperature variation case. The largest 
variation appeared on Troffer 2-ft×2-ft Uniform Diffuser which was 65% at 30 cfm and 44% at 
120 cfm.  Increasing the supply airflow rate also caused a deduction in longwave radiative heat 
fraction but the shortwave portion remained in the same level. 
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Table 7.11 Test Results of Varied Supply Airflow Rates 
Fixture 
Supply Airflow 
Rate 
(cfm) 
Conditioned Space/Plenum Split Radiative/Convective Split 
Illuminance, foot-
candle 
Space Plenum Short wave Long wave Convective 
Troffer 2×4 Partial Aperture 
Diffuser 
30 0.569±0.010 0.431±0.010 0.321±0.007 0.115±0.003 0.563±0.010 77.273 
60 0.525±0.014 0.475±0.014 0.319±0.007 0.092±0.002 0.588±0.009 78.870 
120 0.498±0.027 0.502±0.027 0.315±0.008 0.059±0.001 0.626±0.009 79.250 
Troffer 2×2 Uniform Diffuser 
30 0.654±0.013 0.346±0.013 0.264±0.006 0.115±0.003 0.620±0.009 45.765 
60 0.476±0.022 0.524±0.022 0.260±0.002 0.095±0.006 0.644±0.008 46.134 
120 0.443±0.038 0.557±0.038 0.253±0.006 0.070±0.002 0.677±0.008 46.495 
Downlight 
30 0.559±0.012 0.441±0.012 0.154±0.003 0.006±0.000 0.840±0.003 200.140 
60 0.466±0.019 0.534±0.019 0.154±0.003 0.005±0.000 0.841±0.003 200.560 
120 0.464±0.035 0.536±0.035 0.155±0.003 0.003±0.000 0.842±0.003 202.040 
Retrofit kit 2×4 
30 0.462±0.010 0.538±0.010 0.257±0.006 0.131±0.003 0.612±0.009 76.180 
60 0.425±0.014 0.575±0.014 0.251±0.006 0.105±0.002 0.644±0.008 75.890 
120 0.416±0.023 0.584±0.023 0.246±0.005 0.071±0.002 0.683±0.007 76.470 
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 7.2.3 Effect of duct return configuration 
A 6-ft flexible return duct was installed above the ceiling tiles as shown in Figure 7.25. The 
return air configuration was changed from plenum return to duct return in this case. The test 
results are summarized in Table 7.12. The test results indicate that the duct return configuration 
significantly increased the conditioned space fraction for the 2-ft×4-ft troffer, 2-ft ×2-ft troffer, 
and retrofit kit. Since the return air was not passing through the top of the lighting fixtures where 
the heat sink is located, the LEDs tended to dissipate more energy downward into the 
conditioned space. The result of downlight was inconsistent with other fixtures due to the small 
cross section area of heat sink.   
The duct return configuration also increased the total radiative heat gain and most was 
longwave portion. It is suspected that as the rising temperature of LED chips, the LED lightings 
generated more heat into the ambient environment. 
 
Figure 7-25 Duct Return Configuration 
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Table 7.12 Test Results of Varied Return Air Configurations 
Fixture 
Return Air 
Configuration 
Conditioned Space/Plenum Split Radiative/Convective Split 
Illuminance, 
foot-candle 
Space Plenum Short wave Long wave Convective 
Troffer 2×4 Partial 
Aperture Diffuser 
Plenum Return 0.525±0.014 0.475±0.014 0.319±0.007 0.092±0.002 0.588±0.009 78.870 
Duct Return 0.639±0.015 0.361±0.015 0.323±0.007 0.143±0.003 0.535±0.010 76.670 
Troffer 2×2 Uniform 
Diffuser 
Plenum Return 0.476±0.022 0.524±0.022 0.260±0.002 0.095±0.006 0.644±0.008 46.134 
Duct Return 0.555±0.021 0.445±0.021 0.262±0.006 0.145±0.004 0.593±0.010 46.138 
Downlight 
Plenum Return 0.466±0.019 0.534±0.019 0.154±0.003 0.005±0.000 0.841±0.003 200.560 
Duct Return 0.431±0.020 0.569±0.020 0.153±0.003 0.009±0.000 0.838±0.003 200.100 
Retrofit kit 2×4 
Plenum Return 0.425±0.014 0.575±0.014 0.251±0.006 0.105±0.002 0.644±0.008 75.890 
Duct Return 0.523±0.014 0.4770.014 0.259±0.006 0.161±0.002 0.580±0.008 75.860 
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 7.2.4 Effect of floor finish 
Different surface materials may differ the radiative heat gain due to differences in 
absorptivity, emissivity and reflectivity. In this test, two floor finishes was proposed: wood floor 
and carpet floor shown in Figure 7.26.  
 
Figure 7-26 Wood and Carpet Floor Finish 
The test results are summarized in Table 7.13. For all the luminaires, changing the floor 
finish from carpet to wood slightly increased the conditioned space heat fraction. However, all 
the space fraction was within the margin of error, so that this increase could be considered 
insignificant.  Changing floor finish did not show significant change in both longwave and 
shortwave radiative heat, e.g. they were both remained in the same level.
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Table 7.13 Test Results of Varied Floor Finish 
Fixture Floor Finish 
Conditioned Space/Plenum Split Radiative/Convective Split 
Illuminance, 
foot-candle 
Space Plenum Short wave Long wave Convective 
Troffer 2×4 Partial Aperture Diffuser 
Carpet 0.525±0.014 0.475±0.014 0.319±0.007 0.092±0.002 0.588±0.009 78.870 
Wood 0.553±0.017 0.447±0.017 0.319±0.007 0.094±0.002 0.587±0.009 82.730 
Troffer 2×2 Uniform Diffuser 
Carpet 0.476±0.022 0.524±0.022 0.260±0.002 0.095±0.006 0.644±0.008 46.134 
Wood 0.481±0.020 0.519±0.020 0.258±0.002 0.096±0.006 0.646±0.008 50.014 
Downlight 
Carpet 0.466±0.019 0.534±0.019 0.154±0.003 0.005±0.000 0.841±0.003 200.560 
Wood 0.496±0.020 0.504±0.020 0.154±0.003 0.004±0.000 0.842±0.003 204.710 
Retrofit kit 2×4 
Carpet 0.425±0.014 0.575±0.014 0.251±0.006 0.105±0.002 0.644±0.008 75.890 
Wood 0.449±0.013 0.551±0.013 0.249±0.006 0.106±0.002 0.644±0.008 81.870 
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 7.2.5 Effect of dimming control 
Since most LED lights are capable of dimming control, this test case was to determine the 
lighting heat gain at different dimming output. The dimming control signal for the LED is 
typically a 0-10VDC type where 10 VDC corresponds with the maximum lighting output (no 
dimming) and 0 VDC as minimum lighting output. A 50% dimming level corresponding to a 
control voltage equal to 5 VDC was tested in this case in comparison to the no-dimming level 
implemented in the base case. 
The test results are summarized in Table 7.14. The results indicate that the dimming output 
has no significant impact on the conditioned space fraction for the 2-ft×4-ft troffer, the downlight 
and the retrofit kit troffer since they were all within the margin of error. However, for the 2-ft×2-
ft troffer, the conditioned space heat gain increased when the dimming signal decreased. 
Although the visible light is a part of radiative heat, 5V dimming control did not show any 
significant changes on radiative heat fractions since the lighting power also decreased.
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Table 7.14 Test Results of Varied Dimming Outputs 
Fixture 
Dimming 
Output 
Measured 
Lighting 
Power, 
Watt 
Conditioned Space/Plenum Split Radiative/Convective Split 
Illuminance, 
foot-candle 
Space Plenum Short wave Long wave Convective 
Troffer 2×4 
Partial 
Aperture 
Diffuser 
10V 38.64 0.525±0.014 0.475±0.014 0.319±0.007 0.092±0.002 0.588±0.009 78.870 
5V 24.31 0.508±0.024 0.492±0.024 0.319±0.007 0.084±0.002 0.597±0.009 50.064 
Troffer 2×2 
Uniform 
Diffuser 
10V 27.18 0.476±0.022 0.524±0.022 0.260±0.006 0.095±0.002 0.644±0.008 46.134 
5V 14.23 0.552±0.036 0.448±0.036 0.252±0.006 0.093±0.002 0.656±0.008 23.496 
Downlight 
10V 28.81 0.466±0.019 0.534±0.019 0.154±0.003 0.005±0.000 0.841±0.003 200.560 
5V 16.79 0.478±0.031 0.522±0.031 0.169±0.004 0.005±0.000 0.827±0.004 132.250 
Retrofit kit 
2×4 
10V 44.91 0.425±0.014 0.575±0.014 0.251±0.006 0.105±0.002 0.644±0.008 75.890 
5V 24.00 0.423±0.022 0.577±0.022 0.263±0.006 0.100±0.002 0.637±0.008 43.100 
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CHAPTER 8. CONCLUSIONS 
Fourteen LED lighting luminaires were selected and tested in this project to determine 
the heat split between conditioned space and plenum space as well as the heat split between 
convective and radiative heat. During the test, all fourteen luminaires were tested under base-
case test condition. Furthermore, four selected LED luminaires were tested under variances-case 
test.  
The base-case test results showed all the recessed LED luminaires excluding the 
emerging technology had a conditioned space heat gain ranging from 43% to 53% over the total 
lighting power. The conditioned space heat gain fraction for high efficacy troffer and color 
tuning troffer were 59% and 56% (cool), 53% (warm) respectively. All the recessed troffers 
showed a total radiative heat fraction ranging from 30% to 41% except for the downlight and 
high efficacy troffer which were 15% and 52% respectively. The high efficacy troffer had a 
largest shortwave heat gain. It was discovered the shortwave radiation was highly correlated to 
the lighting efficacy. For the suspended luminaires, the high-bay converted 42% to 51% of total 
lighting power into radiative heat while linear-pedant was ranged from 55% to 61%. Overall the 
linear-pedant generated more radiative heat than high-bay.  
The variances-case test was to examine the effect of supply air temperature, supply airflow 
rate, duct configuration, floor finish and dimming output on LED lighting heat gains. The results 
showed the supply air flowrate and return air configuration had the most significant impact on 
conditioned space heat fraction. Increasing the supply airflow rate tended to decrease 
conditioned space heat gain. Changing from plenum return to duct return also decreased the 
conditioned space fraction except for downlight. Effect of floor finish and dimming output had 
no significant impact on conditioned space heat fraction. As for radiative heat fraction, 
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increasing the supply airflow rate and changing from plenum return to duct return tended to 
increase the longwave radiative heat fraction. Supply air temperature, dimming output and floor 
finish showed insignificant impact on radiative heat gain fraction. 
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APPENDIX A: SPECIFICATIONS OF LUMINAIRES BEING TESTED 
A1. Cree High-Bay CXB 
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A2. Columbia High-Bay LLHP
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A3. Columbia LTRE 24
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A4. Columbia LTRE 22
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A5. Columbia LLT 24
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A6. Columbia LLT 22
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A7. Finelight HPR-HO 24
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APPENDIX B: BASE CASE TEST RESULTS 
B1. Cree High-Bay CXB 
NO.1 Cree High-bay 
Variables Results Unit Uncertainty 
Total heat extraction 494.25 / 144.86 Btu/hr / Watt 3.02% 
Total heat conduction -5.69 / -1.67 Btu/hr / Watt -9.04% 
LED fixture power  540.80 / 158.50 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 1620 / 17438 Foot-candle / Lux   
Illuminance at lighting center on the floor 348 / 3746 Foot-candle / Lux   
Conditioned space lighting heat gain fraction N/A   % 
        
Longwave radiant heat 63.70 / 18.67 Btu/hr / Watt 1.37% 
Shortwave radiant heat 161.56 / 47.35 Btu/hr / Watt 0.69% 
Total radiant heat 225.24 / 66.01 Btu/hr / Watt 1.53% 
        
Long wave radiant heat fraction (total) 0.12   0.03% 
Short wave radiant heat fraction (total) 0.30   0.06% 
Total Radiant heat fraction (total) 0.42   0.09% 
        
Long wave radiant heat fraction (conditioned space) N/A   % 
Short wave radiant heat fraction (conditioned space) N/A   % 
Total Radiant heat fraction (conditioned space) N/A   % 
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B2. Columbia High-Bay LLHP 
NO.2 Columbia High-bay LLHP 
Variables Results Unit Uncertainty 
Total heat extraction 414.64 / 121.52 Btu/hr / Watt 3.03% 
Total heat conduction -21.33 / -6.25 Btu/hr / Watt -2.42% 
LED fixture power  471.33 / 138.13 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 1490 / 16038 Foot-candle / Lux   
Illuminance at lighting center on the floor 372 / 4004 Foot-candle / Lux   
Conditioned space lighting heat gain fraction N/A   % 
        
Longwave radiant heat 54.15 / 15.87 Btu/hr / Watt 0.55% 
Shortwave radiant heat 184.45 / 54.06 Btu/hr / Watt 1.48% 
Total radiant heat 238.64 / 64.94 Btu/hr / Watt 1.58% 
        
Long wave radiant heat fraction (total) 0.11   0.03% 
Short wave radiant heat fraction (total) 0.39   0.08% 
Total Radiant heat fraction (total) 0.51   0.11% 
        
Long wave radiant heat fraction (conditioned space) N/A   % 
Short wave radiant heat fraction (conditioned space) N/A   % 
Total Radiant heat fraction (conditioned space) N/A   % 
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B3. Columbia LTRE 24 
NO.3 Columbia LTRE 24 (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 129.40 / 37.92 Btu/hr / Watt 3.33% 
Total heat conduction -25.72 / -7.54 Btu/hr / Watt -2.22% 
LED fixture power  131.83 / 38.64 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 79 / 849 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.525   2.67% 
        
Longwave radiant heat 12.18 / 3.57 Btu/hr / Watt 0.43% 
Shortwave radiant heat 42.07 / 12.33 Btu/hr / Watt 0.74% 
Total radiant heat  54.25 / 15.90 Btu/hr / Watt 0.86% 
        
Long wave radiant heat fraction (total) 0.09   0.02% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.41   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.18   % 
Short wave radiant heat fraction (conditioned space) 0.61   % 
Total Radiant heat fraction (conditioned space) 0.78   % 
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B4. Columbia LTRE 22 
NO.4 Columbia LTRE 22 
Variables Results Unit Uncertainty 
Total heat extraction 83.98 / 24.61 Btu/hr / Watt 3.55% 
Total heat conduction -15.80 / -4.63 Btu/hr / Watt -2.59% 
LED fixture power  108.76 / 31.88 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 59 / 635 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.473   3.59% 
        
Longwave radiant heat 7.20 / 2.11 Btu/hr / Watt 0.36% 
Shortwave radiant heat 29.00 / 8.50 Btu/hr / Watt 0.73% 
Total radiant heat 36.17 / 10.60 Btu/hr / Watt 0.81% 
        
Long wave radiant heat fraction (total) 0.07   0.02% 
Short wave radiant heat fraction (total) 0.27   0.06% 
Total Radiant heat fraction (total) 0.33   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.14   % 
Short wave radiant heat fraction (conditioned space) 0.56   % 
Total Radiant heat fraction (conditioned space) 0.70   % 
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B5. Columbia LLT 24 
NO.5 Columbia LLT 24 
Variables Results Unit Uncertainty 
Total heat extraction 108.24 / 31.72 Btu/hr / Watt 3.68% 
Total heat conduction -15.35 / -4.50 Btu/hr / Watt -2.65% 
LED fixture power  139.40 / 40.85 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 78 / 840 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.495   3.03% 
        
Longwave radiant heat 16.92 / 4.96 Btu/hr / Watt 0.59% 
Shortwave radiant heat 40.71 / 11.93 Btu/hr / Watt 0.71% 
Total radiant heat 57.63 / 16.89 Btu/hr / Watt 0.93% 
        
Long wave radiant heat fraction (total) 0.12   0.03% 
Short wave radiant heat fraction (total) 0.29   0.07% 
Total Radiant heat fraction (total) 0.41   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.25   % 
Short wave radiant heat fraction (conditioned space) 0.59   % 
Total Radiant heat fraction (conditioned space) 0.84   % 
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B6. Columbia LLT 22 
NO.6 Columbia LLT 22 (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 54.29 / 15.91 Btu/hr / Watt 6.63% 
Total heat conduction -26.26 / -7.70 Btu/hr / Watt -2.16% 
LED fixture power  92.74 / 27.18 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.476   4.62% 
        
Longwave radiant heat 8.84 / 2.59 Btu/hr / Watt 0.44% 
Shortwave radiant heat 24.16 / 7.08 Btu/hr / Watt 0.60% 
Total radiant heat 33.00 / 9.67 Btu/hr / Watt 0.74% 
        
Long wave radiant heat fraction (total) 0.10   0.03% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.20   % 
Short wave radiant heat fraction (conditioned space) 0.55   % 
Total Radiant heat fraction (conditioned space) 0.75   % 
 
  
123 
 
B7. Finelight HPR-HO 24 
NO.7 Finelight HPR-HO 24 
Variables Results Unit Uncertainty 
Total heat extraction 162.66 / 47.67 Btu/hr / Watt 3.10% 
Total heat conduction -10.37 / -3.04 Btu/hr / Watt -3.52% 
LED fixture power  193.47 / 56.70 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 105 / 1124 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.451   2.67% 
        
Longwave radiant heat 19.11 / 5.60 Btu/hr / Watt 0.68% 
Shortwave radiant heat 54.18 / 15.88 Btu/hr / Watt 0.96% 
Total radiant heat 73.32 / 21.49 Btu/hr / Watt 1.17% 
        
Long wave radiant heat fraction (total) 0.10   0.02% 
Short wave radiant heat fraction (total) 0.28   0.06% 
Total Radiant heat fraction (total) 0.38   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.22   % 
Short wave radiant heat fraction (conditioned space) 0.62   % 
Total Radiant heat fraction (conditioned space) 0.84   % 
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B8. Finelight HPR-HO 22 
NO.8 Finelight HPR-HO 22 
Variables Results Unit Uncertainty 
Total heat extraction 171.02 / 50.12 Btu/hr / Watt 3.44% 
Total heat conduction -20.72 / -6.07 Btu/hr / Watt -2.45% 
LED fixture power  203.47 / 59.63 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 84 / 904 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.425   3.07% 
        
Longwave radiant heat 17.50 / 5.13 Btu/hr / Watt 0.87% 
Shortwave radiant heat 44.08 / 12.92 Btu/hr / Watt 1.10% 
Total radiant heat 61.59 / 18.05 Btu/hr / Watt 1.40% 
        
Long wave radiant heat fraction (total) 0.09   0.02% 
Short wave radiant heat fraction (total) 0.22   0.05% 
Total Radiant heat fraction (total) 0.30   0.07% 
        
Long wave radiant heat fraction (conditioned space) 0.20   % 
Short wave radiant heat fraction (conditioned space) 0.51   % 
Total Radiant heat fraction (conditioned space) 0.71   % 
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B9. Finelight HP-4 ID 
NO.9 Finelight HP-4 ID 
Variables Results Unit Uncertainty 
Total heat extraction 109.09 / 31.97 Btu/hr / Watt 4.13% 
Total heat conduction -9.52 / -2.79 Btu/hr / Watt -3.46% 
LED fixture power  128.22 / 37.58 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 64 / 693 Foot-candle / Lux   
Conditioned space lighting heat gain fraction N/A   % 
        
Longwave radiant heat 45.38 / 13.30 Btu/hr / Watt 0.46% 
Shortwave radiant heat 24.70 / 7.24 Btu/hr / Watt 0.12% 
Total radiant heat 70.08 / 20.54 Btu/hr / Watt 0.47% 
        
Long wave radiant heat fraction (total) 0.35   0.08% 
Short wave radiant heat fraction (total) 0.19   0.04% 
Total Radiant heat fraction (total) 0.55   0.12% 
        
Long wave radiant heat fraction (conditioned space) N/A   % 
Short wave radiant heat fraction (conditioned space) N/A   % 
Total Radiant heat fraction (conditioned space) N/A   % 
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B10. Philips Ledalite 1201 
NO.10 Philips Ledalite 1201 
Variables Results Unit Uncertainty 
Total heat extraction 52.41 / 15.36 Btu/hr / Watt 4.96% 
Total heat conduction -22.37 / -6.56 Btu/hr / Watt -2.24% 
LED fixture power  82.77 / 24.26 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 38 / 409 Foot-candle / Lux   
Conditioned space lighting heat gain fraction N/A   % 
        
Longwave radiant heat 26.07 / 7.64 Btu/hr / Watt 0.26% 
Shortwave radiant heat 24.02 / 7.04 Btu/hr / Watt 0.14% 
Total radiant heat 50.09 / 14.68 Btu/hr / Watt 0.30% 
        
Long wave radiant heat fraction (total) 0.31   0.07% 
Short wave radiant heat fraction (total) 0.29   0.06% 
Total Radiant heat fraction (total) 0.60   0.13% 
        
Long wave radiant heat fraction (conditioned space) N/A   % 
Short wave radiant heat fraction (conditioned space) N/A   % 
Total Radiant heat fraction (conditioned space) N/A   % 
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B11. GE DI6R 
NO.11 GE DI6R (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 88.02 / 25.80 Btu/hr / Watt 3.67% 
Total heat conduction -13.23 / -3.88 Btu/hr / Watt -3.05% 
LED fixture power  98.29 / 28.81 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 201 / 2159 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.466   4.08% 
        
Longwave radiant heat 0.44 / 0.13 Btu/hr / Watt 0.00% 
Shortwave radiant heat 15.15 / 4.44 Btu/hr / Watt 0.15% 
Total radiant heat 15.59 / 4.57 Btu/hr / Watt 0.15% 
        
Long wave radiant heat fraction (total) 0.00   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.33   % 
Total Radiant heat fraction (conditioned space) 0.34   % 
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B12. Cree ZR24 HE 
NO.12 Cree ZR24 HE 
Variables Results Unit Uncertainty 
Total heat extraction 70.57 / 20.68 Btu/hr / Watt 3.93% 
Total heat conduction -14.74 / -4.32 Btu/hr / Watt -2.63% 
LED fixture power  84.56 / 24.78 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 69 / 742 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.589   3.74% 
        
Longwave radiant heat 8.82 / 2.58 Btu/hr / Watt 0.31% 
Shortwave radiant heat 34.27 / 10.04 Btu/hr / Watt 0.64% 
Total radiant heat 43.08 / 12.63 Btu/hr / Watt 0.71% 
        
Long wave radiant heat fraction (total) 0.10   0.03% 
Short wave radiant heat fraction (total) 0.41   0.09% 
Total Radiant heat fraction (total) 0.51   0.11% 
        
Long wave radiant heat fraction (conditioned space) 0.18   % 
Short wave radiant heat fraction (conditioned space) 0.69   % 
Total Radiant heat fraction (conditioned space) 0.87   % 
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B13. Sigma STL100 (Cool) 
NO.13 Sigma STL100 (Cool) 
Variables Results Unit Uncertainty 
Total heat extraction 71.81 / 21.05 Btu/hr / Watt 3.54% 
Total heat conduction -11.36 / -3.33 Btu/hr / Watt -3.05% 
LED fixture power  81.34 / 23.84 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.562   3.91% 
        
Longwave radiant heat 8.91 / 2.61 Btu/hr / Watt 0.44% 
Shortwave radiant heat 25.34 / 7.43 Btu/hr / Watt 0.71% 
Total radiant heat 34.25 / 10.04 Btu/hr / Watt 0.83% 
        
Long wave radiant heat fraction (total) 0.11   0.03% 
Short wave radiant heat fraction (total) 0.31   0.07% 
Total Radiant heat fraction (total) 0.42   0.10% 
        
Long wave radiant heat fraction (conditioned space) 0.19   % 
Short wave radiant heat fraction (conditioned space) 0.55   % 
Total Radiant heat fraction (conditioned space) 0.75   % 
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B14. Sigma STL100 (Warm) 
NO.13 Sigma STL100 (Warm) 
Variables Results Unit Uncertainty 
Total heat extraction 60.13 / 17.63 Btu/hr / Watt 3.84% 
Total heat conduction -12.73 / -3.73 Btu/hr / Watt -2.85% 
LED fixture power  79.93 / 23.43 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 43 / 463 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.53   4.16% 
        
Longwave radiant heat 9.37 / 2.75 Btu/hr / Watt 0.47% 
Shortwave radiant heat 22.97 / 6.73 Btu/hr / Watt 0.63% 
Total radiant heat 32.34 / 9.48 Btu/hr / Watt 0.79% 
        
Long wave radiant heat fraction (total) 0.12   0.03% 
Short wave radiant heat fraction (total) 0.29   0.07% 
Total Radiant heat fraction (total) 0.40   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.22   % 
Short wave radiant heat fraction (conditioned space) 0.54   % 
Total Radiant heat fraction (conditioned space) 0.76   % 
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B15. MaxLite RKT 
NO.14 MaxLite RKT (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 119.25 / 34.95 Btu/hr / Watt 3.61% 
Total heat conduction -15.62 / -4.58 Btu/hr / Watt -2.70% 
LED fixture power  153.23 / 44.91 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 76 / 818 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.425   3.29% 
        
Longwave radiant heat 16.17 / 4.74 Btu/hr / Watt 0.57% 
Shortwave radiant heat 38.45 / 11.27 Btu/hr / Watt 0.67% 
Total radiant heat 54.59 / 16.00 Btu/hr / Watt 0.88% 
        
Long wave radiant heat fraction (total) 0.11   0.03% 
Short wave radiant heat fraction (total) 0.25   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.25   % 
Short wave radiant heat fraction (conditioned space) 0.59   % 
Total Radiant heat fraction (conditioned space) 0.84   % 
 
  
132 
 
APPENDIX C: VARIANCE TEST RESULTS 
C1. Columbia LTRE 24 
NO.3 Columbia LTRE 24 (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 129.40 / 37.92 Btu/hr / Watt 3.33% 
Total heat conduction -25.72 / -7.54 Btu/hr / Watt -2.22% 
LED fixture power  131.83 / 38.64 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 79 / 849 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.525   2.67% 
        
Longwave radiant heat 12.18 / 3.57 Btu/hr / Watt 0.43% 
Shortwave radiant heat 42.07 / 12.33 Btu/hr / Watt 0.74% 
Total radiant heat  54.25 / 15.90 Btu/hr / Watt 0.86% 
        
Long wave radiant heat fraction (total) 0.09   0.02% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.41   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.18   % 
Short wave radiant heat fraction (conditioned space) 0.61   % 
Total Radiant heat fraction (conditioned space) 0.78   % 
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C2. Columbia LTRE 24 @ 65F 
NO.3 Columbia LTRE 24 (65F) 
Variables Results Unit Uncertainty 
Total heat extraction 138.07 / 40.47 Btu/hr / Watt 2.99% 
Total heat conduction -18.04 / -5.29 Btu/hr / Watt -2.44% 
LED fixture power  131.47 / 38.53 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 79 / 849 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.493   3.25% 
        
Longwave radiant heat 13.83 / 3.76 Btu/hr / Watt 0.40% 
Shortwave radiant heat 42.14 / 12.35 Btu/hr / Watt 0.66% 
Total radiant heat  55.97 / 16.11 Btu/hr / Watt 0.77% 
        
Long wave radiant heat fraction (total) 0.10   0.02% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.42   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.20   % 
Short wave radiant heat fraction (conditioned space) 0.65   % 
Total Radiant heat fraction (conditioned space) 0.85   % 
 
  
134 
 
C3. Columbia LTRE 24 @ 120 cfm 
NO.3 Columbia LTRE 24 (120 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 109.44 / 32.08 Btu/hr / Watt 4.23% 
Total heat conduction -22.07 / -6.50 Btu/hr / Watt -2.26% 
LED fixture power  132.23 / 38.75 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 79 / 849 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.498   5.42% 
        
Longwave radiant heat 7.86 / 2.31 Btu/hr / Watt 0.25% 
Shortwave radiant heat 41.59 / 12.19 Btu/hr / Watt 0.65% 
Total radiant heat  49.45 / 14.50 Btu/hr / Watt 0.69% 
        
Long wave radiant heat fraction (total) 0.06   0.01% 
Short wave radiant heat fraction (total) 0.31   0.07% 
Total Radiant heat fraction (total) 0.37   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.12   % 
Short wave radiant heat fraction (conditioned space) 0.63   % 
Total Radiant heat fraction (conditioned space) 0.75   % 
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C4. Columbia LTRE 24 @ Wood Floor 
NO.3 Columbia LTRE 24 (Wood Floor) 
Variables Results Unit Uncertainty 
Total heat extraction 159.97 / 46.88 Btu/hr / Watt 2.86% 
Total heat conduction -22.56 / -6.61 Btu/hr / Watt -2.31% 
LED fixture power  131.84 / 38.63 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 83 / 893 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.553   3.07% 
        
Longwave radiant heat 12.42 / 3.64 Btu/hr / Watt 0.38% 
Shortwave radiant heat 42.01 / 12.31 Btu/hr / Watt 0.65% 
Total radiant heat  54.43 / 15.95 Btu/hr / Watt 0.76% 
        
Long wave radiant heat fraction (total) 0.09   0.02% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.41   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.17   % 
Short wave radiant heat fraction (conditioned space) 0.58   % 
Total Radiant heat fraction (conditioned space) 0.75   % 
 
  
136 
 
C5. Columbia LTRE 24 @ 50% Dimming 
NO.3 Columbia LTRE 24 (50% Dimming) 
Variables Results Unit Uncertainty 
Total heat extraction 99.23 / 29.08 Btu/hr / Watt 3.54% 
Total heat conduction -15.10 / -4.43 Btu/hr / Watt -2.65% 
LED fixture power  82.94 / 24.31 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 50 / 538 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.508   4.72% 
        
Longwave radiant heat 6.96 / 2.04 Btu/hr / Watt 0.22% 
Shortwave radiant heat 26.48 / 7.76 Btu/hr / Watt 0.41% 
Total radiant heat  33.44 / 9.80 Btu/hr / Watt 0.47% 
        
Long wave radiant heat fraction (total) 0.08   0.02% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.40   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.17   % 
Short wave radiant heat fraction (conditioned space) 0.63   % 
Total Radiant heat fraction (conditioned space) 0.79   % 
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C6. Columbia LTRE 24 @ 55F 
NO.3 Columbia LTRE 24 (55F) 
Variables Results Unit Uncertainty 
Total heat extraction 115.26 / 33.78 Btu/hr / Watt 4.09% 
Total heat conduction -21.91 / -6.42 Btu/hr / Watt -2.42% 
LED fixture power  132.16 / 38.73 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 77 / 828 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.538   3.16% 
        
Longwave radiant heat 11.43 / 3.35 Btu/hr / Watt 0.35% 
Shortwave radiant heat 41.83 / 12.26 Btu/hr / Watt 0.65% 
Total radiant heat  53.22 / 15.60 Btu/hr / Watt 0.74% 
        
Long wave radiant heat fraction (total) 0.09   0.02% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.40   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.16   % 
Short wave radiant heat fraction (conditioned space) 0.59   % 
Total Radiant heat fraction (conditioned space) 0.75   % 
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C7. Columbia LTRE 24 @ 30 cfm 
NO.3 Columbia LTRE 24 (30 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 53.53 / 15.69 Btu/hr / Watt 4.35% 
Total heat conduction -31.17 / -9.14 Btu/hr / Watt -2.07% 
LED fixture power  131.63 / 38.58 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 77 / 828 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.569   1.76% 
        
Longwave radiant heat 15.18 / 4.45 Btu/hr / Watt 0.47% 
Shortwave radiant heat 42.31 / 12.40 Btu/hr / Watt 0.66% 
Total radiant heat  57.49 / 16.85 Btu/hr / Watt 0.81% 
        
Long wave radiant heat fraction (total) 0.12   0.03% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.44   0.10% 
        
Long wave radiant heat fraction (conditioned space) 0.20   % 
Short wave radiant heat fraction (conditioned space) 0.56   % 
Total Radiant heat fraction (conditioned space) 0.77   % 
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C8. Columbia LTRE 24 @ Ducted Return 
NO.3 Columbia LTRE 24 (Ducted Return) 
Variables Results Unit Uncertainty 
Total heat extraction 103.12 / 30.22 Btu/hr / Watt 2.74% 
Total heat conduction -21.16 / -6.20 Btu/hr / Watt -2.48% 
LED fixture power  131.54 / 38.55 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 77 / 828 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.639   2.35% 
        
Longwave radiant heat 18.80 / 5.51 Btu/hr / Watt 0.58% 
Shortwave radiant heat 42.41 / 12.43 Btu/hr / Watt 0.66% 
Total radiant heat  61.25 / 17.95 Btu/hr / Watt 0.88% 
        
Long wave radiant heat fraction (total) 0.14   0.03% 
Short wave radiant heat fraction (total) 0.32   0.07% 
Total Radiant heat fraction (total) 0.47   0.10% 
        
Long wave radiant heat fraction (conditioned space) 0.22   % 
Short wave radiant heat fraction (conditioned space) 0.50   % 
Total Radiant heat fraction (conditioned space) 0.73   % 
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C9. Columbia LLT 22 
NO.6 Columbia LLT 22 (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 54.29 / 15.91 Btu/hr / Watt 6.63% 
Total heat conduction -26.26 / -7.70 Btu/hr / Watt -2.16% 
LED fixture power  92.74 / 27.18 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.476   4.62% 
        
Longwave radiant heat 8.84 / 2.59 Btu/hr / Watt 0.44% 
Shortwave radiant heat 24.16 / 7.08 Btu/hr / Watt 0.60% 
Total radiant heat 33.00 / 9.67 Btu/hr / Watt 0.74% 
        
Long wave radiant heat fraction (total) 0.10   0.03% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.20   % 
Short wave radiant heat fraction (conditioned space) 0.55   % 
Total Radiant heat fraction (conditioned space) 0.75   % 
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C10. Columbia LLT 22 @ 65F 
NO.6 Columbia LLT 22 (65F) 
Variables Results Unit Uncertainty 
Total heat extraction 77.45 / 22.70 Btu/hr / Watt 3.89% 
Total heat conduction -14.23 / -4.17 Btu/hr / Watt -2.65% 
LED fixture power  92.70 / 27.17 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.461   4.62% 
        
Longwave radiant heat 9.14 / 2.68 Btu/hr / Watt 0.40% 
Shortwave radiant heat 24.29 / 7.12 Btu/hr / Watt 0.53% 
Total radiant heat 33.43 / 9.80 Btu/hr / Watt 0.67% 
        
Long wave radiant heat fraction (total) 0.10   0.03% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.21   % 
Short wave radiant heat fraction (conditioned space) 0.57   % 
Total Radiant heat fraction (conditioned space) 0.78   % 
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C11. Columbia LLT 22 @ 120 cfm 
NO.6 Columbia LLT 22 (120 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 88.59 / 25.96 Btu/hr / Watt 4.50% 
Total heat conduction -4.15 / -1.22 Btu/hr / Watt -7.04% 
LED fixture power  92.84 / 27.21 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.443   8.58% 
        
Longwave radiant heat 6.45 / 1.89 Btu/hr / Watt 0.28% 
Shortwave radiant heat 23.54 / 6.90 Btu/hr / Watt 0.52% 
Total radiant heat 29.99 / 8.79 Btu/hr / Watt 0.59% 
        
Long wave radiant heat fraction (total) 0.07   0.02% 
Short wave radiant heat fraction (total) 0.25   0.06% 
Total Radiant heat fraction (total) 0.32   0.07% 
        
Long wave radiant heat fraction (conditioned space) 0.16   % 
Short wave radiant heat fraction (conditioned space) 0.57   % 
Total Radiant heat fraction (conditioned space) 0.73   % 
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C12. Columbia LLT 22 @ Wood Floor 
NO.6 Columbia LLT 22 (Wood Floor) 
Variables Results Unit Uncertainty 
Total heat extraction 64.52 / 18.91 Btu/hr / Watt 3.60% 
Total heat conduction -15.39 / -4.51 Btu/hr / Watt -2.61% 
LED fixture power  92.79 / 27.19 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 50 / 538 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.481   4.16% 
        
Longwave radiant heat 8.91 / 2.61 Btu/hr / Watt 0.39% 
Shortwave radiant heat 23.89 / 7.00 Btu/hr / Watt 0.52% 
Total radiant heat 32.79 / 9.61 Btu/hr / Watt 0.65% 
        
Long wave radiant heat fraction (total) 0.10   0.03% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.35   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.20   % 
Short wave radiant heat fraction (conditioned space) 0.54   % 
Total Radiant heat fraction (conditioned space) 0.73   % 
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C13. Columbia LLT 22 @ 50% Dimming 
NO.6 Columbia LLT 22 (50% Dimming) 
Variables Results Unit Uncertainty 
Total heat extraction 27.54 / 8.07 Btu/hr / Watt 6.81% 
Total heat conduction -16.41 / -4.81 Btu/hr / Watt -2.52% 
LED fixture power  48.56 / 14.23 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 24 / 258 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.552   6.52% 
        
Longwave radiant heat 4.50 / 1.32 Btu/hr / Watt 0.20% 
Shortwave radiant heat 12.25 / 3.59 Btu/hr / Watt 0.27% 
Total radiant heat 16.72 / 4.90 Btu/hr / Watt 0.33% 
        
Long wave radiant heat fraction (total) 0.09   0.02% 
Short wave radiant heat fraction (total) 0.25   0.06% 
Total Radiant heat fraction (total) 0.34   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.17   % 
Short wave radiant heat fraction (conditioned space) 0.46   % 
Total Radiant heat fraction (conditioned space) 0.62   % 
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C14. Columbia LLT 22 @ 55F 
NO.6 Columbia LLT 22 (55F) 
Variables Results Unit Uncertainty 
Total heat extraction 61.97 / 18.16 Btu/hr / Watt 3.92% 
Total heat conduction -27.57 / -8.08 Btu/hr / Watt -2.17% 
LED fixture power  92.89 / 27.22 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.447   4.47% 
        
Longwave radiant heat 8.60 / 2.52 Btu/hr / Watt 0.38% 
Shortwave radiant heat 23.85 / 6.99 Btu/hr / Watt 0.52% 
Total radiant heat 32.45 / 9.51 Btu/hr / Watt 0.65% 
        
Long wave radiant heat fraction (total) 0.09   0.02% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.35   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.21   % 
Short wave radiant heat fraction (conditioned space) 0.57   % 
Total Radiant heat fraction (conditioned space) 0.78   % 
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C15. Columbia LLT 22 @ 30 cfm 
NO.6 Columbia LLT 22 (30 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 61.18 / 17.93 Btu/hr / Watt 2.88% 
Total heat conduction -42.69 / -12.51 Btu/hr / Watt -1.99% 
LED fixture power  92.80 / 27.20 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.654   1.99% 
        
Longwave radiant heat 10.71 / 3.14 Btu/hr / Watt 0.47% 
Shortwave radiant heat 24.50 / 7.18 Btu/hr / Watt 0.54% 
Total radiant heat 35.21 / 10.32 Btu/hr / Watt 0.71% 
        
Long wave radiant heat fraction (total) 0.12   0.03% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.38   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.18   % 
Short wave radiant heat fraction (conditioned space) 0.40   % 
Total Radiant heat fraction (conditioned space) 0.58   % 
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C16. Columbia LLT 22 (Ducted Return) 
NO.6 Columbia LLT 22 (Ducted Return) 
Variables Results Unit Uncertainty 
Total heat extraction 57.17 / 16.76 Btu/hr / Watt 4.65% 
Total heat conduction -28.32 / -8.30 Btu/hr / Watt -2.25% 
LED fixture power  92.80 / 27.20 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 46 / 495 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.555   3.78% 
        
Longwave radiant heat 13044 / 3.94 Btu/hr / Watt 0.58% 
Shortwave radiant heat 24.26 / 7.11 Btu/hr / Watt 0.53% 
Total radiant heat 37.70 / 11.05 Btu/hr / Watt 0.79% 
        
Long wave radiant heat fraction (total) 0.15   0.04% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.41   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.26   % 
Short wave radiant heat fraction (conditioned space) 0.47   % 
Total Radiant heat fraction (conditioned space) 0.73   % 
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C17. GE DI6R 
NO.11 GE DI6R (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 88.02 / 25.80 Btu/hr / Watt 3.67% 
Total heat conduction -13.23 / -3.88 Btu/hr / Watt -3.05% 
LED fixture power  98.29 / 28.81 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 201 / 2159 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.466   4.08% 
        
Longwave radiant heat 0.44 / 0.13 Btu/hr / Watt 0.00% 
Shortwave radiant heat 15.15 / 4.44 Btu/hr / Watt 0.15% 
Total radiant heat 15.59 / 4.57 Btu/hr / Watt 0.15% 
        
Long wave radiant heat fraction (total) 0.00   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.33   % 
Total Radiant heat fraction (conditioned space) 0.34   % 
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C18. GE DI6R @ 65F 
NO.11 GE DI6R (65F) 
Variables Results Unit Uncertainty 
Total heat extraction 68.19 / 19.99 Btu/hr / Watt 3.92% 
Total heat conduction -15.02 / -4.40 Btu/hr / Watt -2.78% 
LED fixture power  97.89 / 28.69 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 200 / 2153 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.403   4.47% 
        
Longwave radiant heat 0.48 / 0.14 Btu/hr / Watt 0.00% 
Shortwave radiant heat 15.01 / 4.40 Btu/hr / Watt 0.07% 
Total radiant heat 15.59 / 4.54 Btu/hr / Watt 0.07% 
        
Long wave radiant heat fraction (total) 0.00   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.38   % 
Total Radiant heat fraction (conditioned space) 0.39   % 
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C19. GE DI6R @ 120 cfm 
NO.11 GE DI6R (120 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 113.14 / 33.16 Btu/hr / Watt 4.74% 
Total heat conduction -4.87 / -1.43 Btu/hr / Watt -6.66% 
LED fixture power  98.60 / 28.90 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 202 / 2174 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.464   7.54% 
        
Longwave radiant heat 0.34 / 0.10 Btu/hr / Watt 0.00% 
Shortwave radiant heat 15.25 / 4.47 Btu/hr / Watt 0.07% 
Total radiant heat 15.59 / 4.57 Btu/hr / Watt 0.07% 
        
Long wave radiant heat fraction (total) 0.00   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.33   % 
Total Radiant heat fraction (conditioned space) 0.34   % 
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C20. GE DI6R @ Wood Floor 
NO.11 GE DI6R (Wood Floor) 
Variables Results Unit Uncertainty 
Total heat extraction 70.27 / 20.59 Btu/hr / Watt 4.81% 
Total heat conduction -18.43 / -5.40 Btu/hr / Watt -2.57% 
LED fixture power  98.21 / 28.78 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 205 / 2206 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.496   4.03% 
        
Longwave radiant heat 0.44 / 0.13 Btu/hr / Watt 0.00% 
Shortwave radiant heat 15.08 / 4.42 Btu/hr / Watt 0.07% 
Total radiant heat 15.52 / 4.55 Btu/hr / Watt 0.07% 
        
Long wave radiant heat fraction (total) 0.00   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.31   % 
Total Radiant heat fraction (conditioned space) 0.32   % 
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C21. GE DI6R @ 50% Dimming 
NO.11 GE DI6R (50% Dimming) 
Variables Results Unit Uncertainty 
Total heat extraction 31.35 / 9.19 Btu/hr / Watt 7.91% 
Total heat conduction -18.55 / -5.44 Btu/hr / Watt -2.48% 
LED fixture power  57.27 / 23.92 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 132 / 1421 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.478   6.49% 
        
Longwave radiant heat 0.27 / 0.08 Btu/hr / Watt 0.00% 
Shortwave radiant heat 9.66 / 2.83 Btu/hr / Watt 0.07% 
Total radiant heat 9.92 / 2.91 Btu/hr / Watt 0.07% 
        
Long wave radiant heat fraction (total) 0.00   0.00% 
Short wave radiant heat fraction (total) 0.17   0.04% 
Total Radiant heat fraction (total) 0.17   0.04% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.35   % 
Total Radiant heat fraction (conditioned space) 0.36   % 
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C22. GE DI6R @ 55F 
NO.11 GE DI6R (55F) 
Variables Results Unit Uncertainty 
Total heat extraction 57.66 / 16.90 Btu/hr / Watt 5.20% 
Total heat conduction -36.67 / -10.75 Btu/hr / Watt -2.11% 
LED fixture power  98.76 / 28.94 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 203 / 2185 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.510   3.73% 
        
Longwave radiant heat 0.44 / 0.13 Btu/hr / Watt 0.00% 
Shortwave radiant heat 15.22 / 4.46 Btu/hr / Watt 0.07% 
Total radiant heat 15.66 / 4.59 Btu/hr / Watt 0.07% 
        
Long wave radiant heat fraction (total) 0.00   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.30   % 
Total Radiant heat fraction (conditioned space) 0.31   % 
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C23. GE DI6R @ 30 cfm 
NO.11 GE DI6R (30 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 39.58 / 11.60 Btu/hr / Watt 4.61% 
Total heat conduction -33.57 / -9.84 Btu/hr / Watt -2.15% 
LED fixture power  98.07 / 28.74 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 203 / 2185 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.559   2.15% 
        
Longwave radiant heat 0.58 / 0.17 Btu/hr / Watt 0.00% 
Shortwave radiant heat 15.12 / 4.43 Btu/hr / Watt 0.07% 
Total radiant heat 15.70 / 4.60 Btu/hr / Watt 0.07% 
        
Long wave radiant heat fraction (total) 0.01   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.01   % 
Short wave radiant heat fraction (conditioned space) 0.28   % 
Total Radiant heat fraction (conditioned space) 0.29   % 
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C24. GE DI6R @ Ducted Return 
NO.11 GE DI6R (Ducted Return) 
Variables Results Unit Uncertainty 
Total heat extraction 53.11 / 15.57 Btu/hr / Watt 5.16% 
Total heat conduction -29.92 / -8.77 Btu/hr / Watt -2.38% 
LED fixture power  97.92 / 28.70 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 200 / 2153 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.431   4.64% 
        
Longwave radiant heat 0.85 / 0.25 Btu/hr / Watt 0.00% 
Shortwave radiant heat 14.98 / 4.39 Btu/hr / Watt 0.07% 
Total radiant heat 15.83 / 4.64 Btu/hr / Watt 0.07% 
        
Long wave radiant heat fraction (total) 0.01   0.00% 
Short wave radiant heat fraction (total) 0.15   0.03% 
Total Radiant heat fraction (total) 0.16   0.03% 
        
Long wave radiant heat fraction (conditioned space) 0.02   % 
Short wave radiant heat fraction (conditioned space) 0.35   % 
Total Radiant heat fraction (conditioned space) 0.37   % 
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C25. MaxLite RKT 
NO.14 MaxLite RKT (BASE) 
Variables Results Unit Uncertainty 
Total heat extraction 119.25 / 34.95 Btu/hr / Watt 3.61% 
Total heat conduction -15.62 / -4.58 Btu/hr / Watt -2.70% 
LED fixture power  153.23 / 44.91 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 76 / 818 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.425   3.29% 
        
Longwave radiant heat 16.17 / 4.74 Btu/hr / Watt 0.57% 
Shortwave radiant heat 38.45 / 11.27 Btu/hr / Watt 0.67% 
Total radiant heat 54.59 / 16.00 Btu/hr / Watt 0.88% 
        
Long wave radiant heat fraction (total) 0.11   0.03% 
Short wave radiant heat fraction (total) 0.25   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.25   % 
Short wave radiant heat fraction (conditioned space) 0.59   % 
Total Radiant heat fraction (conditioned space) 0.84   % 
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C26. MaxLite RKT @ 65F 
NO.14 MaxLite RKT (65F) 
Variables Results Unit Uncertainty 
Total heat extraction 98.04 / 28.73 Btu/hr / Watt 2.78% 
Total heat conduction -12.65 / -3.71 Btu/hr / Watt -2.80% 
LED fixture power  152.58 / 44.76 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 76 / 818 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.423   2.84% 
        
Longwave radiant heat 16.48 / 4.83 Btu/hr / Watt 0.40% 
Shortwave radiant heat 38.52 / 11.29 Btu/hr / Watt 0.66% 
Total radiant heat 55.00 / 16.12 Btu/hr / Watt 0.77% 
        
Long wave radiant heat fraction (total) 0.11   0.02% 
Short wave radiant heat fraction (total) 0.25   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.26   % 
Short wave radiant heat fraction (conditioned space) 0.60   % 
Total Radiant heat fraction (conditioned space) 0.85   % 
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C27. MaxLite RKT @ 120 cfm 
NO.14 MaxLite RKT (120 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 136.93 / 40.13 Btu/hr / Watt 4.10% 
Total heat conduction -3.23 / -0.95 Btu/hr / Watt -9.02% 
LED fixture power  153.84 / 45.09 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 76 / 818 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.416   5.53% 
        
Longwave radiant heat 10.99 / 3.22 Btu/hr / Watt 0.25% 
Shortwave radiant heat 37.80 / 11.08 Btu/hr / Watt 0.65% 
Total radiant heat 48.83 / 14.31 Btu/hr / Watt 0.69% 
        
Long wave radiant heat fraction (total) 0.07   0.02% 
Short wave radiant heat fraction (total) 0.25   0.05% 
Total Radiant heat fraction (total) 0.32   0.07% 
        
Long wave radiant heat fraction (conditioned space) 0.17   % 
Short wave radiant heat fraction (conditioned space) 0.59   % 
Total Radiant heat fraction (conditioned space) 0.76   % 
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C28. MaxLite RKT @ Wood Floor 
NO.14 MaxLite RKT (Wood Floor) 
Variables Results Unit Uncertainty 
Total heat extraction 130.12 / 38.14 Btu/hr / Watt 3.04% 
Total heat conduction -18.81 / -5.51 Btu/hr / Watt -2.45% 
LED fixture power  153.25 / 44.91 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 82 / 883 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.449   2.90% 
        
Longwave radiant heat 16.31 / 4.78 Btu/hr / Watt 0.38% 
Shortwave radiant heat 38.21 / 11.20 Btu/hr / Watt 0.65% 
Total radiant heat 54.52 / 15.98 Btu/hr / Watt 0.76% 
        
Long wave radiant heat fraction (total) 0.11   0.02% 
Short wave radiant heat fraction (total) 0.25   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.24   % 
Short wave radiant heat fraction (conditioned space) 0.56   % 
Total Radiant heat fraction (conditioned space) 0.79   % 
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C29. MaxLite RKT @ 50% Dimming 
NO.14 MaxLite RKT (50% Dimming) 
Variables Results Unit Uncertainty 
Total heat extraction 52.86 / 15.49 Btu/hr / Watt 4.91% 
Total heat conduction -9.14 / -2.68 Btu/hr / Watt -3.57% 
LED fixture power  81.90 / 24.00 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 43 / 463 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.423   5.20% 
        
Longwave radiant heat 8.22 / 2.41 Btu/hr / Watt 0.22% 
Shortwave radiant heat 21.53 / 6.31 Btu/hr / Watt 0.41% 
Total radiant heat 29.75 / 8.72 Btu/hr / Watt 0.47% 
        
Long wave radiant heat fraction (total) 0.10   0.02% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.36   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.24   % 
Short wave radiant heat fraction (conditioned space) 0.62   % 
Total Radiant heat fraction (conditioned space) 0.86   % 
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C30. MaxLite RKT @ 55F 
NO.14 MaxLite RKT (55F) 
Variables Results Unit Uncertainty 
Total heat extraction 117.08 / 34.31 Btu/hr / Watt 3.88% 
Total heat conduction -10.36 / -3.04 Btu/hr / Watt -3.67% 
LED fixture power  153.95 / 45.12 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 77 / 829 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.448   3.35% 
        
Longwave radiant heat 15.22 / 4.46 Btu/hr / Watt 0.35% 
Shortwave radiant heat 38.39 / 11.25 Btu/hr / Watt 0.65% 
Total radiant heat 53.60 / 15.71 Btu/hr / Watt 0.74% 
        
Long wave radiant heat fraction (total) 0.10   0.02% 
Short wave radiant heat fraction (total) 0.25   0.06% 
Total Radiant heat fraction (total) 0.35   0.08% 
        
Long wave radiant heat fraction (conditioned space) 0.22   % 
Short wave radiant heat fraction (conditioned space) 0.56   % 
Total Radiant heat fraction (conditioned space) 0.78   % 
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C31. MaxLite RKT @ 30 cfm 
NO.14 MaxLite RKT (30 cfm) 
Variables Results Unit Uncertainty 
Total heat extraction 94.20 / 27.61 Btu/hr / Watt 3.39% 
Total heat conduction -30.34 / -8.89 Btu/hr / Watt -2.13% 
LED fixture power  153.95 / 45.12 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 77 / 829 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.462   2.16% 
        
Longwave radiant heat 20.06 / 5.88 Btu/hr / Watt 0.47% 
Shortwave radiant heat 38.24 / 11.50 Btu/hr / Watt 0.66% 
Total radiant heat 59.30 / 17.38 Btu/hr / Watt 0.81% 
        
Long wave radiant heat fraction (total) 0.13   0.03% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.39   0.09% 
        
Long wave radiant heat fraction (conditioned space) 0.28   % 
Short wave radiant heat fraction (conditioned space) 0.56   % 
Total Radiant heat fraction (conditioned space) 0.84   % 
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C32. MaxLite RKT @ Ducted Return 
NO.14 MaxLite RKT (Ducted Return) 
Variables Results Unit Uncertainty 
Total heat extraction 111.98 / 32.82 Btu/hr / Watt 3.21% 
Total heat conduction -24.13 / -7.07 Btu/hr / Watt -2.83% 
LED fixture power  152.41 / 44.67 Btu/hr / Watt 0.22% 
Illuminance at lighting center 3 ft. above floor 76 / 818 Foot-candle / Lux   
Conditioned space lighting heat gain fraction 0.523   2.68% 
        
Longwave radiant heat 24.60 / 7.21 Btu/hr / Watt 0.38% 
Shortwave radiant heat 39.44 / 11.56 Btu/hr / Watt 1.31% 
Total radiant heat 64.04 / 18.77 Btu/hr / Watt 1.36% 
        
Long wave radiant heat fraction (total) 0.16   0.04% 
Short wave radiant heat fraction (total) 0.26   0.06% 
Total Radiant heat fraction (total) 0.42   0.10% 
        
Long wave radiant heat fraction (conditioned space) 0.31   % 
Short wave radiant heat fraction (conditioned space) 0.49   % 
Total Radiant heat fraction (conditioned space) 0.80   % 
 
 
